
(19) United States 
US 2002002.7636A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0027636A1 
Yamada (43) Pub. Date: Mar. 7, 2002 

(54) NON-FLAT LIQUID CRYSTAL DISPLAY 
ELEMENT AND METHOD OF PRODUCING 
THE SAME 

(76) Inventor: Jun Yamada, Takatsuki-shi (JP) 
Correspondence Address: 
SDLEY AUSTIN BROWN & WOOD 
717 NORTH HARWOOD 
SUTE 3400 
DALLAS, TX 75201 (US) 

(21) Appl. No.: 09/943,171 

(22) Filed: Aug. 30, 2001 

(30) Foreign Application Priority Data 

Sep. 4, 2000 (JP)...................................... 2000-266854 

Publication Classification 

(51) Int. Cl." ........................... G08B 5700; G02F 1/1339 
(52) U.S. Cl. .............................................................. 34.9/155 

(57) ABSTRACT 
Disclosed is a non-flat liquid crystal display (LCD) element 
having a liquid crystal, a Sealing wall and paired Substrates 
opposed to each other Such that a major Surface of the LCD 
element has a non-flat form. In an aspect, Spacers are 
disposed between the Substrates, and a Spacer density in a 
predetermined region is different from that in at least a 
portion of the other region. In another aspect, resin Struc 
tures are disposed between the Substrates and are adhered to 
the Substrates, and a resin Structure adhesion area, per unit 
area of the Substrate, with respect to the Substrate in a 
predetermined region is different from that in at least a 
portion of the other region. In further another aspect, at least 
one of pixel form, size and arrangement pitch in a prede 
termined region is different from that in at least a portion of 
the other region. In further another aspect, the resin Struc 
tures are disposed between the Substrates, and at least one of 
resin Structure form, Size and arrangement pitch in a prede 
termined region is different from that in at least a portion of 
the other region. 
Also disclosed is a method of producing a non-flat LCD 
element. The method includes the Steps of holding a liquid 
crystal between paired flat substrates to produce a flat LCD 
element having an entirely flat form; and deforming the flat 
LCD element into a predetermined non-flat form. 
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NON-FLAT LIQUID CRYSTAL DISPLAY ELEMENT 
AND METHOD OF PRODUCING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATION 

0001. This application is based on Japanese Patent Appli 
cation No. 2000-266854 filed in Japan on Sep. 4, 2000, the 
entire content of which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002) 1. Field of the Invention 
0003. The present invention relates to a non-flat liquid 
crystal display element entirely having a not flat form. The 
invention also relates to a method of producing a non-flat 
liquid crystal display element. 
0004 2. Description of Related Art 
0005. In a liquid crystal display element, liquid crystal is 
arranged between two Substrates, and display is performed 
by changing the orientation or arrangement State of mol 
ecules of the liquid crystal, e.g., by applying a Voltage acroSS 
electrodes formed on the Substrates. A Sealing wall for 
preventing leakage of the liquid crystal and Spacers for 
keeping a constant gap between the Substrates are generally 
arranged between the Substrates. In Some cases, resin Struc 
tures adhering to each of the Substrates are arranged between 
the Substrates for increasing a whole Strength of the liquid 
crystal display element or for other purposes. 
0006. In recent years, such a liquid crystal display ele 
ment that employs polymer film Substrates for holding the 
liquid crystal instead of glass Substrates, has been practically 
used. 

0007. The liquid crystal display element using the poly 
mer film Substrates is Superior to the liquid crystal display 
element using the glass Substrates owing to its light weight 
and high resistance against breakage. 
0008. By using the polymer substrates, the liquid crystal 
display element can be flexible, and a non-flat liquid crystal 
display element having a curved display Surface region can 
be easily produced. 

0009. The non-flat liquid crystal display element may be 
entirely curved, or may have both the flat and curved region. 
The non-flat liquid crystal display element can be used for 
various purposes. For example, in the case where the liquid 
crystal display element is installed onto an installation 
Surface having a curved region, the non-flat liquid crystal 
display element having a form complementary in shape to 
the curved installation Surface can be installed on the 
installation Surface. In contrast to the above, it is difficult to 
install the flat liquid crystal display element on the curved 
installation Surface. 

0010. In the non-flat liquid crystal display element, how 
ever, the non-flat form and the producing method or others 
may cause the following problems. 

0.011 For example, when a certain force is applied to the 
non-flat liquid crystal display element having a flat region 
and a curved region neighboring thereto, a StreSS is often 
applied locally to the curved region or a boundary region 
between the curved and flat regions. 
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0012. Therefore, an irregular gap between the substrates 
may occur in the curved region as well as in a boundary 
region between the curved and flat regions, even if the 
Spacers, of which number is Sufficient in the flat region for 
keeping the gap, are arranged in these regions. The irregular 
gap between the Substrates causes irregularity in thickness of 
the liquid crystal. The irregularity in the liquid crystal 
thickness may cause irregularity in display, and particularly 
in half-tone display, which impedes good display. 
0013 Further more, the sealing wall and the resin struc 
ture are likely to be broken and/or are likely to be disen 
gaged from the Substrate in the curved region as well as in 
the boundary region between the curved and flat regions, on 
which the StreSS is likely to be concentrated. If the Sealing 
wall is removed or disengaged from the Substrate, the liquid 
crystal leaks therethrough, which impedes the display opera 
tion itself. If the Sealing wall is disengaged from the Sub 
Strate, the resin Structure employed for joining the paired 
Substrates together may likewise be disengaged from the 
Substrate. The region where the resin Structure is disengaged 
from the Substrate may continuously expand from the posi 
tion where the resin Structure is first disengaged from the 
Substrate. In the region where the resin Structure is disen 
gaged from the Substrate, it is difficult to keep the gap 
between the Substrates to a predetermined gap value due to 
a StreSS applied to the vicinity thereof, as described above. 
0014) The irregular gap as well as disengagement of the 
Sealing wall and resin Structure are more likely to occur as 
curvature of the curved region increases (i.e., as the radius 
of curvature of the curved region decreases). 
0015 The non-flat liquid crystal display element also 
Suffers from Such a problem that displayed images may be 
distorted due to the non-flat form, e.g., having a curved 
region. 
0016. In the non-flat liquid crystal display element, if the 
resin Structures arranged between the Substrates have Sub 
Stantially visible sizes, appearance difference may occur in 
form, Size, arrangement pitch and/or others of the resin 
Structures in the respective regions of the display element. 
This may impede the display observation. 

SUMMARY OF THE INVENTION 

0017. An object of the invention is to provide a non-flat 
liquid crystal display element, which can keep high unifor 
mity in gap between Substrates, and thereby can perform 
good display without color irregularity. 
0018. Another object of the invention is to provide a 
non-flat liquid crystal display element, which can Suppress 
disengagement of a Sealing wall from a Substrate. 
0019. Still another object of the invention is to provide a 
non-flat liquid crystal display element, which can Suppress 
distortion in a displayed image. 
0020) Further another object of the invention is to provide 
a non-flat liquid crystal display element, which can Suppress 
lowering of Visibility of a displayed image due to resin 
StructureS. 

0021 Further another object of the invention is to provide 
a method of producing a non-flat liquid crystal display 
element, which allows easy producing of the non-flat liquid 
crystal display element. 
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0022 (1) Non-Flat Liquid Crystal Display Element 
0023 The invention provides the following four non-flat 
liquid crystal display elements. 
0024 (1-1) A liquid crystal display element (non-flat 
liquid crystal display element) including: 
0.025 a pair of Substrates; 
0.026 a liquid crystal disposed between the substrates; 
0.027 a plurality of spacers disposed between the Sub 
Strates, and 
0028 a sealing wall disposed between the substrates and 
Surrounding the liquid crystal, wherein 

0029 the substrates are spaced from each other by a 
constant distance kept by the Spacers, and are opposed to 
each other Such that a major Surface of the liquid crystal 
display element has a non-flat form, and 
0030 a spacer density in a predetermined region of the 
liquid crystal display element is different from that in at least 
a portion of the other region. 
0031 (1-2) A liquid crystal display element (non-flat 
liquid crystal display element) including: 
0.032 a pair of Substrates; 
0.033 a liquid crystal disposed between the substrates; 
0034) a plurality of resin structures disposed between the 
Substrates and adhered to the Substrates, and 
0.035 a sealing wall disposed between the substrates and 
Surrounding the liquid crystal, wherein 

0.036 the substrates are opposed to each other such that 
a major Surface of the liquid crystal display element has a 
non-flat form, and 

0037 a resin structure adhesion area, per unit area of the 
Substrate, with respect to the Substrate in a predetermined 
region of the liquid crystal display element is different from 
that in at least a portion of the other region. 
0038 (1-3) A liquid crystal display element (non-flat 
liquid crystal display element) including: 
0039) a pair of substrates; 
0040 a liquid crystal disposed between the substrates; 
and 

0041 a sealing wall disposed between the substrates and 
Surrounding the liquid crystal, wherein 

0.042 the substrates are opposed to each other such that 
a major Surface of the liquid crystal display element has a 
non-flat form, and 

0.043 at least one of a pixel form, a pixel size and a pixel 
arrangement pitch in a predetermined region of the liquid 
crystal display element is different from that in at least a 
portion of the other region. 

0044) (1-4) A liquid crystal display element (non-flat 
liquid crystal display element) including: 
0045 
0046) 

a pair of Substrates, 
a liquid crystal disposed between the Substrates, 
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0047 a plurality of resin structures disposed between the 
Substrates, and 

0048 a sealing wall disposed between the substrates and 
Surrounding the liquid crystal, wherein 

0049 the substrates are opposed to each other such that 
a major Surface of the liquid crystal display element has a 
non-flat form, and 

0050 at least one of a form of the resin structure, a size 
of the resin Structure and an arrangement pitch of the resin 
Structures in a predetermined region of the liquid crystal 
display element is different from that in at least a portion of 
the other region. 
0051) (2) Method of Producing Non-Flat Liquid Crystal 
Display Element 
0052 The invention also provides the following four 
methods of producing a non-flat liquid crystal display ele 
ment. 

0053 (2-1) A method of producing a non-flat liquid 
crystal display element including the Steps of: 
0054 disposing spacers on at least one of paired flat 
Substrates Such that a Spacer density in a predetermined 
region of the flat substrate is different from that in at least a 
portion of the other region; 
0055 holding a liquid crystal between the paired flat 
Substrates carrying the Spacers, and closing the Substrates at 
a periphery of the liquid crystal by a sealing wall to produce 
a flat liquid crystal display element having an entirely flat 
form; and 
0056 deforming the flat liquid crystal display element 
into a predetermined non-flat form. 

0057 (2-2) A method of producing a non-flat liquid 
crystal display element including the Steps of: 

0058 disposing resin structures on at least one of paired 
flat Substrates Such that a resin Structure adhesion area, per 
unit area of the Substrate, with respect to the Substrate in a 
predetermined region of the flat Substrate is different from 
that in at least a portion of the other region; 
0059 holding a liquid crystal between the paired flat 
Substrates carrying the resin Structures, and closing the 
Substrates at a periphery of the liquid crystal by a Sealing 
wall to produce a flat liquid crystal display element having 
an entirely flat form; and 
0060 deforming the flat liquid crystal display element 
into a predetermined non-flat form. 
0061 (2-3) A method of producing a non-flat liquid 
crystal display element including the Steps of: 

0062 forming at least one electrode on each of paired flat 
Substrates Such that at least one of a pixel form, a pixel size 
and a pixel arrangement pitch in a predetermined region is 
different from that in at least a portion of the other region; 
0063 holding a liquid crystal between the paired flat 
Substrates carrying the electrodes, and closing the Substrates 
at a periphery of the liquid crystal by a Sealing wall to 
produce a flat liquid crystal display element having an 
entirely flat form; and 
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0.064 deforming the flat liquid crystal display element 
into a predetermined non-flat form. 

0065 (2-4) A method of producing a non-flat liquid 
crystal display element including the Steps of: 

0.066 forming resin structures on at least one of paired 
flat Substrates Such that at least one of a form of the resin 
Structure, a size of the resin Structure and an arrangement 
pitch of the resin Structures in a predetermined region of the 
flat substrate is different from that in at least a portion of the 
other region; 
0067 holding a liquid crystal between the paired flat 
Substrates carrying the resin Structures, and closing the 
Substrates at a periphery of the liquid crystal by a Sealing 
wall to produce a flat liquid crystal display element having 
an entirely flat form; and 
0068 deforming the flat liquid crystal display element 
into a predetermined non-flat form. 
0069. The foregoing and other objects, features, aspects 
and advantages of the present invention will become more 
apparent from the following detailed description of the 
present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0070 FIG. 1 is a schematic perspective view of an 
example of a liquid crystal display element according to the 
invention. 

0071 FIG. 2(A) is a schematic plan of the liquid crystal 
display element shown in FIG. 1, and FIG. 2(B) is a 
Schematic croSS Section of the liquid crystal display element 
shown in FIG. 1. 

0.072 FIG. 3 is a fragmentary cross section of the liquid 
crystal display element in FIG. 1. 
0.073 FIG. 4 shows a deforming step in a process of 
producing the liquid crystal display element in FIG. 1. 

0074 FIG. 5(A) is a schematic cross section of another 
example of the liquid crystal display element according to 
the invention, and FIG. 5(B) is a schematic plan of the same 
liquid crystal display element. 

0075 FIG. 6(A) is a schematic cross section of still 
another example of the liquid crystal display element 
according to the invention, and FIG. 6(B) is a schematic 
plan of the same liquid crystal display element. 

0.076 FIG. 7 shows an example of arrangement of resin 
Structures near a Sealing wall in the liquid crystal display 
element of FIG. 6. 

0.077 FIG. 8 is a schematic cross section of yet another 
example of the liquid crystal display element according to 
the invention. 

0078 FIG. 9(A) shows resin structures of the liquid 
crystal display element in FIG. 8 viewed from a predeter 
mined observation direction, FIG. 9(B) is a schematic cross 
Section of a region near a curved region of the liquid crystal 
display element in FIG. 8, and FIG. 9(C) shows the resin 
structures of the liquid crystal display element in FIG. 8 
when the liquid crystal display element is in a flat form. 
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007.9 FIG. 10 shows an arrangement of further another 
example of the resin Structures of the liquid crystal display 
element according to the invention. 
0080 FIG. 11(A) shows belt-like electrodes formed on 
one of the Substrates of further another example of the liquid 
crystal display element according to the invention, and FIG. 
11(B) shows belt-like electrodes formed on the other sub 
Strate. 

0081 FIG. 12 is a schematic cross section of further 
another example of the non-flat liquid crystal display ele 
ment according to the invention. 
0082 FIG. 13 is a schematic cross section of further 
another example of the non-flat liquid crystal display ele 
ment according to the invention. 
0083 FIG. 14 is a schematic cross section of further 
another example of the non-flat liquid crystal display ele 
ment according to the invention. 
0084 FIG. 15 is a schematic perspective view of an 
example of a mobile telephone employing the non-flat liquid 
crystal display element in FIG. 1. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0085) S1. Non-Flat Liquid Crystal Display Element 
0086. In the following description, first to eighth types 

(i.e., eight types) of non-flat liquid crystal display elements 
are presented. 
0087. In this specification, the non-flat liquid crystal 
display element may have (1) a curved form having a single 
curvature, (2) a plurality of regions of different curvatures or 
(3) a plurality of flat regions of which normals extend in 
different directions. The non-flat liquid crystal display ele 
ment of the above (2) may further have a flat region. The 
curved region of the non-flat liquid crystal display element 
of the above (1) or (2) may have two- or three-dimensional 
form. 

0088 S1.1. First to Eighth Types of Non-Flat Liquid 
Crystal Display Elements 
0089 First, structures and others common to the first to 
eighth types of the non-flat liquid crystal display elements 
will be described. 

0090 (a) Each type of the liquid crystal display element 
has a pair of Substrates, a liquid crystal and a Sealing wall. 
0091. The two substrates are opposed to each other with 
a Space or gap therebetween. For example, Spacers and/or 
resin Structures may be employed for providing the gap 
between the Substrates. 

0092. The liquid crystal is disposed between the two 
Substrates. 

0093. The sealing wall is also disposed between the two 
Substrates. The Sealing wall is arranged to Surround the 
liquid crystal for preventing leakage of the liquid crystal 
from a space between the Substrates. The Sealing wall is 
adhered to each of the Substrates. 

0094. The substrate may be formed of a polymer film. 
Material for the polymer film Substrate may be polyether 
sulfone (PES), polycarbonate (PC), polyethylene terephtha 
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late (PET), polyarylate (PA), polyether ether ketone (PEEK) 
or annular amorphous polyolefine. The Substrate may have 
a thickness, e.g., in a range from about 50 um to about 1000 
tim. By employing a thin Substrate, the whole thickness and 
the weight of the liquid crystal display element can be 
reduced. 

0.095 Each type of the liquid crystal display element may 
perform display in either of a light transmission type or a 
light reflection type. 
0096. A display mode of each type of the liquid crystal 
display element is not restricted. The display mode may be 
a twisted nematic (TN) mode, a Super-twisted nematic 
(STN) mode, a cholesteric selective reflection mode, a 
dynamic Scattering mode, a guest-host mode, an ECB mode, 
a phase change mode, a polymer dispersed liquid crystal 
mode, a ferroelectric liquid crystal mode or an anti-ferro 
electric mode. 

0097. Each of the substrates is provided with at least one 
electrode for changing the molecular arrangement of the 
liquid crystal. The electrodes may be configured to perform 
Simple matrix drive or active matrix drive. For example, the 
electrodes for the Simple matrix drive may be configured 
such that a plurality of belt-like electrodes are formed on 
each of the two substrates (refer to first and second sub 
strates), and the belt-like electrodes formed on the first 
Substrate are perpendicular to those on the Second Substrate. 
For the active matrix drive, TFT or MIM elements or the like 
may be formed on the Substrate together with the electrode. 
0.098 If necessary, an orientation film, an insulating film, 
a gas barrier film and/or otherS may be formed on the 
Substrate. 

0099 (b) The liquid crystal (liquid crystal composition) 
disposed between the Substrates may be appropriately 
Selected to Satisfy the conditions for the required display 
mode of the liquid crystal display element. For example, 
nematic liquid crystal may be used for the TN mode. For the 
STN mode, liquid crystal including nematic liquid crystal 
and a minute amount of chiral material added thereto may be 
used. For the cholesteric Selective reflection mode, choles 
teric liquid crystal, or chiral nematic liquid crystal including 
nematic liquid crystal and a chiral material added thereto for 
exhibiting the cholesteric phase, may be used. For the 
dynamic Scattering mode, liquid crystal including nematic 
liquid crystal having negative dielectric anisotropy and a 
conductive material Such as electrolyte, which is dissolved 
in the nematic liquid crystal for reducing a specific resis 
tance, may be used. For the guest-host mode, liquid crystal 
including host liquid crystal and dichromatic pigments 
added thereto as the guest may be used. For the ECB mode, 
liquid crystal including nematic liquid crystal having nega 
tive dielectric anisotropy and a chiral material added thereto 
may be used. For the phase change mode, cholesteric liquid 
crystal having positive dielectric anisotropy, or liquid crystal 
including nematic liquid crystal and nematic liquid crystal 
having positive dielectric anisotropy mixed thereto, may be 
used. For the polymer dispersed liquid crystal mode, nem 
atic liquid crystal or cholesteric liquid crystal may be used. 
For the ferromagnetic liquid crystal mode, ferromagnetic 
liquid crystal may be used. For the anti-ferromagnetic liquid 
crystal mode, anti-ferromagnetic liquid crystal may be used. 
0100 Among them, the cholesteric selective reflection 
mode can perform bright display without a polarizing plate 
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and a back light, and further can easily perform the full-color 
display. In this mode, the liquid crystal arranged between the 
Substrates may be, e.g., a liquid crystal composition con 
taining liquid crystal which exhibits a cholesteric phase, e.g., 
at a room temperature. The liquid crystal exhibiting the 
cholesteric phase Selectively reflects the light of a wave 
length corresponding to a helical pitch of the liquid crystal. 
Therefore, the liquid crystal display element including the 
liquid crystal, which exhibits the cholesteric phase, can be 
used as the liquid crystal display element of the reflection 
type. The liquid crystal exhibiting the cholesteric phase may 
additionally contain dye for adjusting the displayed color. 
0101 The liquid crystal exhibiting the cholesteric phase 
may be the cholesteric liquid crystal which exhibits the 
cholesteric phase by itself, or the chiral nematic liquid 
crystal which contains a nematic liquid crystal and a chiral 
agent added thereto. The chiral nematic liquid crystal has 
Such an advantage that the helical pitch can be adjusted in 
accordance with an amount of added chiral agent, and 
thereby the Selective reflection wavelength can be easily 
adjusted. 

0102 (c) Each type of the liquid crystal display element 
entirely has a form which is not flat (i.e., non-flat). The entire 
form of the liquid crystal display element may be deter 
mined Substantially by the Substrates, and the Substrates may 
be opposed to each other Such that a major Surface of the 
non-flat display element has non-flat form. Thus, the paired 
Substrates holding the liquid crystal are opposed to each 
other to provide the non-flat form of the liquid crystal 
display element. 
0103). Each type of the non-flat liquid crystal display 
element may have only a curved region having only a single 
curvature. Thus, each type of the non-flat liquid crystal 
display element may entirely have a concave form, a convex 
form or a cylindrically curved form having a single curva 
ture. 

0104 (c1) Each of the first, second, fifth and sixth types 
of the non-flat liquid crystal display elements has, e.g., a first 
curved region and a Second region, which neighbors the first 
curved region and has a Smaller curvature than the first 
curved region. 

0105 The second region may be a flat region. The flat 
region can be considered as a region having an infinite radius 
(=OO) of curvature, i.e., an infinitesimal curvature (=1/o). 
The flat region is a region having a Smaller curvature than 
the curved region. 
0106 Instead of the flat region, the second region may be 
a Second curved region. 
0107 Each of the first, second, fifth and sixth types of the 
non-flat liquid crystal display elements may have a region(s) 
other than the first curved region and the Second region. 
Each of the first, second, fifth and sixth types of the non-flat 
liquid crystal display elements may have a curved region, 
which has the same curvature as the first curved region and 
does not neighbor to the first curved region, and/or a region, 
which has the same curvature as the Second region and does 
not neighbor to the Second region. 

0108. In Summary, each of the first, second, fifth and sixth 
types of the non-flat liquid crystal display elements may 
have at least two regions, one of which is the curved region 
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(first curved region) neighboring the Second region having a 
Smaller curvature than the first curved region. 

0109 (c2) Each of the third, fourth, seventh and eighth 
types of the non-flat liquid crystal display elements may 
have, e.g., first and Second regions having different curva 
tures or normals of different directions. The first and second 
regions may or may not neighbor to each other. Each of the 
third, fourth, Seventh and eighth types of the non-flat liquid 
crystal display elements may have one or more regions other 
than the first and Second regions. For example, a third region 
neighboring both of the first and Second regions may be 
arranged between these first and Second regions. 
0110. The first and second regions may be flat regions, of 
which normals are different from each other. In this case, the 
first and Second flat regions may be adjacent to each other. 
Alternatively, a curved region may be arranged between 
these first and Second flat regions having different normals 
for Smoothly connecting the first and Second flat regions. 

0111. The first and second regions may be first and 
Second curved regions having different curvatures. 
0112 The first and second regions may be a curved 
region and a flat region, respectively. In this case, the first 
region (curved region) and the Second region (flat region) 
have different curvatures. 

0113 Each of the third, fourth, seventh and eighth types 
of the non-flat liquid crystal display elements may have only 
the curved region having a single curvature as described 
above. In this case, it can be deemed that the curved region 
having the Single curvature is formed of a plurality of minute 
flat regions having normals of different directions. There 
fore, the non-flat liquid crystal display element entirely 
having the curved form of the Single curvature may be 
considered as the Structure having the following first and 
Second regions. Each of these first and Second regions is a 
minute flat region, and the directions of the normals of the 
first and Second regions (first and Second minute flat regions) 
are different from each other. 

0114) (d) Each of the first to eighth types of the non-flat 
liquid crystal display elements may have a Section which is 
not curved in a first direction as well as a curved Section 
taken along a Second direction perpendicular to the above 
first direction. In the following description, the non-flat 
liquid crystal display element of the above Structure may be 
referred to as a “non-flat liquid crystal display element 
having a curvature or a curved Section only in one direction' 
hereinafter. 

0115 Each type of the non-flat liquid crystal display 
element may have, e.g., a flat region and a curved region 
Smoothly continuing to the flat region. The non-flat liquid 
crystal display element may have, e.g., a flat region and a 
curved region which are formed by Smoothly bending at 
least a portion of the flat polymer film Substrates, which can 
provide the non-flat liquid crystal display element having a 
curvature only in one direction. 
0116 S1.2. First and Fifth Types of Liquid Crystal Dis 
play Elements 

0117. In each of the first and fifth types of the non-flat 
liquid crystal display elements, a plurality of Spacers are 
arranged between the Substrates. Naturally, the non-flat 
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liquid crystal display elements other than the first and fifth 
types of display elements may employ spacers between the 
Substrates. 

0118. The spacers are arranged between the Substrates for 
keeping a constant distance (gap) between these Substrates 
in respective regions of the liquid crystal display element 
and/or for other purposes, in other words, for keeping a 
constant thickness of the liquid crystal and/or for other 
purposes. 

0119) The spacer may be a fixing type spacer which can 
be fixed to the Substrates, or may be a non-fixing type spacer 
which is not to be fixed to the substrates. Thus, the spacers 
may be adhered or may not be adhered to the Substrates. 
0120) The non-fixing type spacer may be formed of 
particle of a hard material, which is not deformed by a heat 
and/or a pressure. The non-fixing type Spacer made of the 
hard material may be inorganic material particle Such as fine 
glass fiber, ball of Silicate glass or alumina powder, or 
organic compound Spherical particle Such as divinylbenzene 
croSS-linking polymer particle or polystyrene croSS-linking 
polymer particle. 
0121 The fixing type spacer may be a particle of ther 
moplastic resin. The fixing type Spacer may be the non 
fixing type spacer coated with hot-melt adhesive, thermo 
Setting resin, UV-setting resin or the like. 
0.122 S1.3. Second, Fourth, Sixth and Eighth Types of 
Liquid Crystal Display Elements 

0123. In each of the second, fourth, sixth and eighth types 
of the non-flat liquid crystal display elements, a plurality of 
resin Structures are arranged between the Substrates. Natu 
rally, the first, third, fifth and seventh types of the non-flat 
liquid crystal display elements may have the resin Structures 
arranged between the Substrates. 
0.124. The resin structures are arranged between the 
paired Substrates. The resin Structures are adhered to both 
the Substrates. The resin Structures join the Substrates 
together with a space (gap) therebetween, and thereby can 
increase the whole Strength of the liquid crystal display 
element. The resin Structures can Serve to keep the constant 
distance between the Substrates. For example, the resin 
Structures can keep the distance between the Substrates while 
preventing increase in distance between the Substrates. 

0.125 The resin structure may be made of a material, 
which can be Softened by heating, and can be hardened by 
cooling. The resin Structure material is preferably Selected 
from organic material, which does not chemically react with 
the liquid crystal material to be used, and has an appropriate 
elasticity. A resin Structure material having Such a feature 
may be a thermoplastic polymer material. The thermoplastic 
polymer material may be polyvinyl chloride resin, polyvi 
nylidene chloride resin, polyvinyl acetate resin, poly 
methacrylate ester resin, polyacrylate ester resin, polySty 
rene resin, polyamide resin, polyethylene resin, 
polypropylene resin, fluororesin, polyurethane resin, poly 
acrylonitrile resin, polyvinyl ether resin, polyvinyl ketone 
resin, polyester resin, polyvinyl pyrolidone resin, Saturated 
polyester resin, polycarbonate resin, chlorinated polyether 
resin or others. The resin Structure material may be Selected 
from various polymer materials. Such as a thermosetting 
polymer material or a photoSetting polymer material, other 
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than the thermoplastic polymer material. The resin Structure 
may be made of a material, e.g., including one or more kinds 
of the resin materials among the above materials. 
0.126 The resin structure may have, e.g., a dot-like 
columnar form having a circular Section, a Square Section or 
an elliptic Section. For example, an adhesion Surface with 
respect to the Substrate may be circular, elliptic, Square or 
rectangular. 

O127) $2. 
0128. Description will be given on the respective types of 
the non-flat liquid crystal display elements. 
0129 $2.1. First and Fifth Types of Non-Flat Liquid 
Crystal Display Elements 
0130. The first type of the non-flat liquid crystal display 
element including: 
0131 a pair of Substrates; 
0132) a liquid crystal disposed between the substrates; 
0.133 a plurality of spacers disposed between the Sub 
Strates, and 

0134) a sealing wall disposed between the substrates and 
Surrounding the liquid crystal, wherein 
0135 a spacer density in a predetermined region of the 
liquid display element is different from that in at least a 
portion of the other region. 
0136. The fifth type of the non-flat liquid crystal display 
element including: 
0.137 a pair of Substrates; 
0138 a liquid crystal disposed between the substrates; 
0139 a plurality of spacers disposed between the Sub 
Strates, and 
0140 a sealing wall disposed between the substrates and 
Surrounding the liquid crystal, wherein 

0141 the substrates are spaced from each other by a 
constant distance kept by the Spacers, and are opposed to 
each other Such that a major Surface of the liquid crystal 
display element has a non-flat form, and 
0.142 a spacer density in a predetermined region of the 
liquid crystal display element is different from that in at least 
a portion of the other region. 
0143. Each of the first and fifth types of the non-flat liquid 
crystal display elements includes the pair of Substrates, the 
liquid crystal, the plurality of Spacers and the Sealing wall. 
In the first or fifth type of the non-flat liquid crystal display 
element, resin Structures may be arranged between the 
Substrates. 

0144. In each of the first and fifth types of non-flat liquid 
crystal display elements, the Spacer density in the predeter 
mined region of the display element (i.e., the density of the 
Spacer(s) arranged between predetermined regions of the 
substrates) is different from that in at least a portion of the 
other region. 
0145. In each of the first and fifth types of non-flat liquid 
crystal display elements, the Spacer density in the following 
region may be different from that in the other region. 
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0146 (a) For example, the Spacer density in Such a region 
that the gap between the Substrates is likely to change may 
be larger than that in at least a portion of the other region. 
This can improve the uniformity in gap between the Sub 
Strates throughout the non-flat liquid crystal display element. 
Also, this does not require increasing of the Spacer density 
in the entire region but requires only locally increasing of the 
Spacer density. Therefore, the uniformity in gap between the 
Substrates can be improved throughout the non-flat liquid 
crystal display element without wasting the Spacers. 
Thereby, the uniformity in liquid crystal thickneSS can be 
increased throughout the non-flat liquid crystal display ele 
ment, and a high quality display can be performed without 
color irregularity. 
0147 (b) The spacer densities in the respective regions 
may be different Such that the Spacer density in an end region 
or a top region portion of the curved region (i.e., a region 
portion at and around the position of the curved region 
exhibiting the maximum value) is different from that in at 
least a portion of the other region. For example, the Spacer 
density in the end region or the top region portion of the 
curved region may be larger than that in at least a portion of 
the other region. In the end region or the top region portion 
of the curved region, the gap between the Substrates is more 
likely to change from the predetermined value than in the 
other region. When the first or fifth type of the non-flat liquid 
crystal display element is produced in a producing method 
described later, the curved region of the display element 
receives a force causing a return of the curved region to a flat 
form, and thereby the gap between the Substrates in the 
curved region is liable to change from the predetermined 
value. A large force is liable to act on the end region and the 
top region portion of the curved region. Accordingly, by 
arranging the Spacers in the end region or the top region 
portion of the curved region at a higher density than in at 
least a portion of the other region, the uniformity in gap 
between the Substrates can be increased throughout the 
non-flat liquid crystal display element. 
0.148. The spacer densities in the respective regions may 
be different in accordance with the curvatures of the respec 
tive regions. For example, the Spacer density in the region of 
a large curvature may be larger than that in the region of a 
Small curvature. In the region of a large curvature, the gap 
between the Substrates is more likely to change from the 
predetermined value than in the region of a Small curvature. 
A large force is liable to act on the region of a large 
curvature. Accordingly, by arranging the Spacers in the 
region of a large curvature at a higher density than that in the 
region of a Small curvature, the uniformity in gap between 
the Substrates can be increased throughout the non-flat liquid 
crystal display element. 
014.9 The spacer density in a certain region (refer to first 
region) may be determined in accordance with, e.g., the 
curvature of the first region, the curvature of a region 
neighboring the first region and/or others. 
0150 (c) As already described, each of the first and fifth 
types of non-flat liquid crystal display elements may have 
two regions (refer to large and Small curvature regions), 
which have different curvatures and neighbor to each other. 
The Spacer densities in these large and Small curvature 
regions may be different as follows. 
0151. For example, the spacer density in the boundary 
region between the large and Small curvature regions may be 
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different from that in at least a portion of the other region. 
The boundary region between the large and Small curvature 
regions is composed of a region portion, adjacent to the 
Small curvature region, of the large curvature region and a 
region portion, adjacent to the large curvature region, of the 
Small curvature region, in other words, is composed of a 
region portion, close to the Small curvature region, of the 
large curvature region and a region portion, close to the large 
curvature region, of the Small curvature region. The Spacer 
densities in the large and Small curvature regions may be 
determined, for example, to Satisfy one or more of the 
following relationships. 
0152 The spacer density in the boundary region between 
the large and Small curvature regions may be, for example, 
larger than the Spacer density in the Small curvature region 
except for a boundary with any other region. The boundary 
of the Small curvature region with any other region includes 
a boundary region portion of the Small curvature region with 
respect to the large curvature region. In the case where the 
Small curvature region is adjacent to another region (refer to 
third region) of a different curvature other than the large 
curvature region, the boundary of the Small curvature region 
with any other region further includes a boundary region 
portion of the Small curvature region with respect to the third 
region. 

0153. The spacer density in the large curvature region 
except for a boundary with any other region may be larger 
than the Spacer density in the Small curvature region except 
for the boundary with any other region. The boundary of the 
large curvature region with any other region includes a 
boundary region portion of the large curvature region with 
respect to the Small curvature region. In the case where the 
large curvature region is adjacent to another region (refer to 
fourth region) of a different curvature other than the small 
curvature region, the boundary of the large curvature region 
with any other region further includes a boundary region 
portion of the large curvature region with respect to the 
fourth region. 
0154) The spacer density in the boundary region between 
the large and Small curvature regions may be equal to the 
Spacer density in the large curvature region except for the 
boundary with any other region. 
O155 By providing the different spacer densities in the 
two neighboring regions of different curvatures as described 
above, it is possible to increase the uniformity in gap 
between the Substrates in the boundary region, which is 
likely to receive a force acting to restore the Structure into a 
flat form and likely to receive a large load. 
0156 The size of the boundary region between the large 
and Small curvature regions may be determined in accor 
dance with the difference in curvature between these 
regions. For example, the Size of the boundary region 
between the large and Small curvature regions may be 
determined to be larger as the curvature difference between 
these regions increases. 
0157. In the case where the first or fifth type of the 
non-flat liquid crystal display element has two or more 
region Sets, each of which includes the two neighboring 
regions having different curvatures, the above relationship in 
Spacer density may be Satisfied between the neighboring two 
regions in at least one of the Sets, and may be Satisfied 
between the neighboring two regions of each of the Sets. 
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0158 As described above, each of the first and fifth types 
of non-flat liquid crystal display elements may have, e.g., the 
first curved region and the Second region, which neighbors 
the first curved region and has a Smaller curvature than the 
first curved region. 
0159. The first curved region is the foregoing large cur 
Vature region, and the Second region is the foregoing Small 
curvature region. The Second region may be the flat region 
or the curved region (Second curved region). 
0160 The spacer density in the boundary region between 
the first curved region and the Second region may be larger 
than that in the Second region except for the boundary with 
any other region. 
0.161 The spacer density in the first curved region except 
for the boundary with any other region may be larger than 
that in the Second region except for the boundary with any 
other region. 
0162 The spacer density in the boundary region between 
the first curved region and the Second region may be equal 
to that in the first curved region except for the boundary with 
any other region. 
0163 The spacer density in the boundary region between 
the first curved region and the Second region may be 
different from the Spacer density in the Second region except 
for the boundary with any other region. 
0.164 $2.2. Second and Sixth Types of Non-Flat Liquid 
Crystal Display Elements 
0.165. The second type of the non-flat liquid crystal 
display element including: 

0166) 
0167) 
0168 a plurality of resin structures disposed between the 
Substrates and adhered to the Substrates, and 
01.69 a sealing wall disposed between the substrates and 
Surrounding the liquid crystal, wherein 

0170 a resin structure adhesion area, per unit area of the 
Substrate, with respect to the Substrate in a predetermined 
region is different from that in at least a portion of the other 
region. 

a pair of Substrates, 
a liquid crystal disposed between the Substrates, 

0171 The sixth type of the non-flat liquid crystal display 
element including: 

0172 
0173 
0.174 a plurality of resin structures disposed between the 
Substrates and adhered to the Substrates, and 

0.175 a sealing wall disposed between the substrates and 
Surrounding the liquid crystal, wherein 

0176 the substrates are opposed to each other such that 
a major Surface of the liquid crystal display element has a 
non-flat form, and 

0177 a resin structure adhesion area, per unit area of the 
Substrate, with respect to the Substrate in a predetermined 
region of the liquid crystal display element is different from 
that in at least a portion of the other region. 

a pair of Substrates, 
a liquid crystal disposed between the Substrates, 
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0.178 Each of the second and sixth types of the non-flat 
liquid crystal display elements includes the pair of Sub 
Strates, the liquid crystal, the plurality of resin Structures and 
the Sealing wall. In the Second and Sixth types of the non-flat 
liquid crystal display elements, the Spacers may be arranged 
between the Substrates. 

0179. In the second and sixth types of the non-flat liquid 
crystal display elements, the resin Structure adhesion area, 
per unit area of the Substrate, with respect to the Substrate in 
the following region may be different from that in at least a 
portion of the other region. 

0180 (a) For example, the resin structure adhesion area, 
per unit area of the Substrate, with respect to the Substrate 
may be larger in a region which is liable to receive a force 
acting to return it into a flat form and/or liable to receive a 
load than in at least a portion of the other region. Thereby, 
it is possible to Suppress the disengagement of the resin 
structure from the substrate in the region which is liable to 
receive the force acting to return it into a flat form and/or 
liable to receive a load. This can improve the uniformity in 
gap between the Substrates throughout the non-flat liquid 
crystal display element. It is also possible to SuppreSS 
disengagement of the Sealing wall from the Substrate, and 
therefore, leakage of the liquid crystal. 

0181 (b) The resin structure adhesion areas per unit area 
of the Substrate with respect to the Substrate in the respective 
regions may be different Such that the resin Structure adhe 
Sion area, per unit area of the Substrate, with respect to the 
Substrate in an end region or a top region portion of the 
curved region (i.e., a region portion at and around the 
position of the curved region exhibiting the maximum value) 
is different from that in at least a portion of the other region. 
For example, the resin Structure adhesion area, per unit area 
of the Substrate, with respect to the substrate in the end 
region or the top region portion of the curved region may be 
larger than that in at least a portion of the other region. The 
resin Structures in the end region and the top region portion 
of the curved region are more likely to receive a load or 
StreSS than the resin Structures in the region of the Small 
curvature, and thereby disengagement of the resin Structure 
is more likely to occur in those regions. When the Second or 
Sixth type of the non-flat liquid crystal display element is 
produced in a producing method described later, the curved 
region of the display element receives a force causing a 
return of the curved region to a flat form, and thereby the 
disengagement of the resin Structures is more likely to occur 
in that region. A large force is liable to act on the end region 
and the top region portion of the curved region, and thereby 
the disengagement of the resin Structures is more likely to 
occur in those regions. By arranging the resin Structures in 
the end region and/or the top region portion of the curved 
region at a larger adhesion area per unit area of the Substrate 
than in at least a portion of the other region, the uniformity 
in gap between the Substrates can be increased throughout 
the non-flat liquid crystal display element. 

0182. The resin structure adhesion areas, per unit area of 
the Substrate, with respect to the Substrate in the respective 
regions may be different in accordance with the curvatures 
of the respective regions. For example, the resin Structure 
adhesion area, per unit area of the Substrate, with respect to 
the Substrate in the region of a large curvature may be larger 
than that in the region of a Small curvature. The resin 
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Structure in the region of a large curvature is more likely to 
receive a load or StreSS than the resin Structure in the region 
of a Small curvature, and thereby the disengagement of the 
resin Structure is more likely to occur in the region of the 
large curvature. A larger force acts on the region of curved 
region as the curvature increases, and thereby the disen 
gagement of the resin Structure is more likely to occur in the 
larger curvature region. By arranging the resin Structures in 
the region of a large curvature at a larger adhesion area per 
unit area of the Substrate than that in the region of a Small 
curvature, the uniformity in gap between the Substrates can 
be increased throughout the non-flat liquid crystal display 
element. 

0183 The resin structure adhesion area, per unit area of 
the Substrate, with respect to the Substrate in a certain region 
(refer to fourth region) may be determined in accordance 
with the curvature of the fourth region, the curvature of a 
region neighboring the fourth region and/or others. 

0184 (c) As already described, each of the second and 
Sixth types of the non-flat liquid crystal display elements 
may have two regions (refer to large and Small curvature 
regions) which have different curvatures and neighbor to 
each other. The adhesion areas of the resin Structures with 
respect to the Substrate per unit area of the Substrate in these 
large and Small curvature regions may be different as fol 
lows. 

0185. For example, the resin structure adhesion area, per 
unit area of the Substrate, with respect to the Substrate in the 
boundary region between the large and Small curvature 
regions may be different from that in at least a portion of the 
other region. The resin Structure adhesion areas, per unit area 
of the Substrate, with respect to the Substrate in the large and 
Small curvature regions may be determined, for example, to 
Satisfy one or more of the following relationships. 

0186 The resin structure adhesion area, per unit area of 
the Substrate, with respect to the Substrate in the boundary 
region between the large and Small curvature regions may be 
larger than that in the Small curvature region except for the 
boundary with any other region. 

0187. The resin structure adhesion area, per unit area of 
the Substrate, with respect to the Substrate in the large 
curvature region except for the boundary with any other 
region may be larger than that in the Small curvature region 
except for the boundary with any other region. 

0188 The resin structure adhesion area, per unit area of 
the Substrate, with respect to the Substrate in the boundary 
region between the large and Small curvature regions may be 
equal to that in the large curvature region except for the 
boundary with any other region. 

0189 By providing the different resin structure adhesion 
areas of the resin Structures with respect to the Substrate per 
unit area of the Substrate in the two neighboring regions of 
different curvatures as described above, it is possible to 
SuppreSS the disengagement of the resin Structure from the 
Substrate even in the boundary region which is likely to 
receive a load or the like. 

0190. In the case where the second or sixth type of the 
non-flat liquid crystal display element has two or more 
region Sets, each of which includes the two neighboring 
regions having different curvatures, the above relationship in 
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resin Structure adhesion area with respect to the Substrate per 
unit area of the substrate may be satisfied between the two 
neighboring regions in at least one of the Sets, or may be 
Satisfied between the two neighboring regions of each of the 
SetS. 

0191 AS described above, each of the second and sixth 
types of the non-flat liquid crystal display elements may 
have the first curved region and the Second region which 
neighbors the first curved region and has a Smaller curvature 
than the first curved region. 
0.192 The resin structure adhesion area, per unit area of 
the Substrate, with respect to the Substrate in the boundary 
region between the first curved region and the Second region 
may be larger than that in the Second region except for the 
boundary with any other region. 

0193 The resin structure adhesion area, per unit area of 
the substrate, with respect to the substrate in the first curved 
region except for the boundary with any other region may be 
larger than that in the Second region except for the boundary 
with any other region. 
0194 The resin structure adhesion area, per unit area of 
the Substrate, with respect to the Substrate in the boundary 
region between the first curved region and the Second region 
may be equal to that in the first curved region except for the 
boundary with any other region. 
0.195 The resin structure adhesion area, per unit area of 
the Substrate, with respect to the Substrate in the boundary 
region between the first curved region and the Second region 
may be different from that in the Second region except for 
the boundary with any other region. 

0196) (d) The resin structure adhesion area, per unit area 
of the Substrate, with respect to the Substrate in a region near 
the Sealing wall may be larger than that in the region of the 
Second region except for the boundary region with any other 
region and except for the Second region portion near the 
Sealing wall. By increasing the resin Structure adhesion area 
with respect to the Substrate per unit area of the Substrate in 
the region near the Sealing wall as described above, it is 
possible to increase the adhesion force of the total resin 
Structures to the Substrate in the region near the Sealing wall. 
Thereby, it is possible to Suppress disengagement of the 
Sealing wall from the Substrate. 
0197). In the non-flat liquid crystal display element having 
the curved region which is prepared by curving or bending 
a flat liquid crystal display element, a force may act on the 
two substrates to shift them in a direction parallel to the 
Substrate Surface, e.g., due to the difference in curvature 
between the two substrates in the curved region. This force 
increases with increase in curvature. However, by increasing 
the adhesion force of the total resin structures to the Sub 
Strate in the region near the Sealing wall, it is possible to 
SuppreSS disengagement of the Sealing wall from the Sub 
Strate and therefore leakage of the liquid crystal. 

0198 (e) The resin structure adhesion area, per unit area 
of the Substrate, with respect to the Substrate in a certain 
region may be different from that in the other region in the 
following manner. 

0199 For example, the adhesion area of each resin struc 
ture with respect to the Substrate may be constant in all the 
regions, in which case the number of the resin Structures per 
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unit area of the Substrate (density in number) may be 
increased in the region where the resin Structure adhesion 
area, per unit area of the Substrate, with respect to the 
substrate is to be large. The density in number of the resin 
Structures can be increased by decreasing the arrangement 
pitch of the resin Structures. The pitch of the resin Structures 
in the direction along which the display element is curved 
may be different from that in the direction along which the 
display element is not curved. For example, the pitch of the 
resin Structures in the direction along which the display 
element is not curved may be constant, and the pitch of the 
resin Structures in the direction along which the display 
element is curved may be different in accordance with the 
angle between the normal of each region and a predeter 
mined observation direction. The arrangement pitch of the 
resin Structures is the actual distance between the neighbor 
ing resin Structures in the case where the resin Structures 
formed on the Substrate are equally spaced from each other. 
In the case where the resin Structures formed on the Substrate 
are unequally Spaced from each other, the arrangement pitch 
of the resin Structures is an average of the distances between 
the neighboring resin Structures. 
0200. The number of the resin structures per unit area of 
the Substrate may be constant in all the regions, in which 
case the adhesion area of each resin Structure with respect to 
the Substrate may be increased in the region where the resin 
Structure adhesion area, per unit area of the Substrate, with 
respect to the Substrate is to be large. For example, the 
adhesion area of each resin Structure with respect to the 
Substrate may be changed by changing the form and/or the 
Size of the adhesion Surface of the resin Structure with 
respect to the Substrate. 
0201 The resin structure adhesion area, per unit area of 
the Substrate, with respect to the Substrate may be changed 
by changing both the adhesion area of each resin Structure 
with respect to the Substrate in each region and the number 
of the resin Structures per unit area of the SubStrate in each 
region. 
0202) In the second and sixth types of the non-flat liquid 
crystal display elements, as described above, at least one of 
the following three parameters in a predetermined region of 
the display element may be different from that or those in at 
least a portion of the other region. 
0203 The three parameters are: 
0204 (1) resin structure form (e.g., a form of the adhe 
Sion Surface with respect to the Substrate), 
0205 (2) resin structure size (e.g., a size of the adhesion 
Surface with respect to the Substrate), and 
0206 (3) resin structure arrangement pitch. 
0207. In the case where the resin structure adhesion area, 
per unit area of the Substrate, with respect to the Substrate in 
the predetermined region is different from that in at least a 
portion of the other region, the change occurs in one or more 
of the form of the adhesion surface with respect to the 
Substrate, the size of the adhesion Surface with respect to the 
Substrate and the arrangement pitch of the resin Structures. 
0208) $2.3. Third and Seventh Types of Non-Flat Liquid 
Crystal Display Elements 
0209 The third type of the non-flat liquid crystal display 
element including: 
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0210 a pair of Substrates; 
0211 a liquid crystal disposed between the substrates; 
and 

0212 a sealing wall disposed between the substrates and 
Surrounding the liquid crystal, wherein 
0213 at least one of three parameters of a pixel form, a 
pixel Size and a pixel arrangement pitch in a predetermined 
region is different from that in at least a portion of the other 
region. 
0214. The seventh type of the non-flat liquid crystal 
display element including: 
0215 a pair of Substrates; 
0216) a liquid crystal disposed between the substrates; 
and 

0217 a sealing wall disposed between the substrates and 
Surrounding the liquid crystal, wherein 

0218 the substrates are opposed to each other such that 
a major Surface of the liquid crystal display element has a 
non-flat form, and 

0219 at least one of a pixel form, a pixel size and a pixel 
arrangement pitch in a predetermined region of the liquid 
crystal display element is different from that in at least a 
portion of the other region. 
0220 Each of the third and seventh types of the non-flat 
liquid crystal display elements includes the pair of Sub 
Strates, the liquid crystal and the Sealing wall. In the fourth 
and eighth types of the liquid crystal display elements, 
Spacers and/or resin Structures may be arranged between the 
Substrates. 

0221) In the third and seventh types of the non-flat liquid 
crystal display elements, at least one of the following 
parameters in the predetermined region of the display ele 
ment is different from that in at least a portion of the other 
portion. 

0222. The three parameters are: 
0223 (1) pixel form, 
0224 (2) pixel size, and 
0225 (3) pixel arrangement pitch. 
0226 For example, at least one of the pixel form, the 
pixel Size and the pixel arrangement pitch is different 
between regions of the liquid crystal display element So that 
at least corresponding one of the pixel form, the pixel Size 
and the pixel arrangement pitch in all the regions of the 
liquid crystal display element appears same or Substantially 
Same when viewed from a predetermined observation direc 
tion. 

0227 More specifically, for eliminating or reducing the 
difference in pixel form between the respective regions 
when viewed from the predetermined observation direction, 
the forms of the pixels in the respective regions may be 
changed. 

0228. For eliminating or reducing the difference in pixel 
Size between the respective regions when viewed from the 
predetermined observation direction, the sizes of the pixels 
in the respective regions may be changed. 
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0229. For eliminating or reducing the difference in pixel 
arrangement pitch between the respective regions when 
viewed from the predetermined observation direction, the 
arrangement pitches of the pixels in the respective regions 
may be changed. 
0230. The pixel form, size and arrangement pitch may be 
changed in accordance with an angle between a normal of 
each region and the predetermined observation direction. 
Thereby, at least one of the pixel form, Size and arrangement 
pitch in each region appears equal or Substantial equal to that 
in the other region when viewed from the predetermined 
observation direction. Accordingly, it is possible to Suppress 
distortion in display on the non-flat liquid crystal display 
element. In the case where the third or seventh type of the 
non-flat liquid crystal display element has the flat region, the 
observation direction may be normal to the flat region. 
0231. The pixel form, size and/or arrangement pitch can 
be changed, e.g., in the following manner. In the non-flat 
liquid crystal display element of the Simple matrix drive 
type, the pixel form, Size and/or arrangement pitch can be 
changed by changing a width, a pitch and/or others of a 
plurality of belt-like electrodes arranged on each Substrate. 
0232 S2.4. Fourth and Eighth Type of Non-Flat Liquid 
Crystal Display Elements 
0233. The fourth type of the non-flat liquid crystal dis 
play element including: 
0234 a pair of substrates; 
0235 a liquid crystal disposed between the substrates; 
0236 a plurality of resin structures disposed between the 
Substrates, and 
0237 a sealing wall disposed between the substrates and 
Surrounding the liquid crystal, wherein 
0238 at least one of three parameters of a resin structure 
form, a resin Structure size and a resin Structure arrangement 
pitch in a predetermined region of the liquid crystal display 
element is different from that in at least a portion of the other 
region. 
0239). The eighth type of non-flat liquid crystal display 
element including: 
0240 a pair of substrates; 
0241 a liquid crystal disposed between the substrates; 
0242 a plurality of resin structures disposed between the 
Substrates, and 
0243 a sealing wall disposed between the substrates and 
Surrounding the liquid crystal, wherein 
0244 the substrates are opposed to each other such that 
a major Surface of the liquid crystal display element has a 
non-flat form, and 

0245 at least one of a form of the resin structure, a size 
of the resin Structure and an arrangement pitch of the resin 
Structures in a predetermined region of the liquid crystal 
display element is different from that in at least a portion of 
the other region. 
0246. Each of the fourth and eighth types of the non-flat 
liquid crystal display elements includes the pair of Sub 
Strates, the liquid crystal, the plurality of resin Structures and 
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the Sealing wall. In the fourth or eighth type of the liquid 
crystal display element, Spacers may be arranged between 
the Substrates. 

0247. In each of the fourth and eighth types of the 
non-flat liquid crystal display elements, at least one of the 
following three parameters in the predetermined region of 
the display element is different from that in at least a portion 
of the other region. 

0248. The three parameters are: 

0249 (1) resin structure form (e.g., a form of the adhe 
Sion Surface of the resin Structure with respect to the 
Substrate), 
0250 (2) resin structure size (e.g., a size of the adhesion 
Surface of the resin structure with respect to the Substrate), 
and 

0251 (3) resin structure arrangement pitch. 
0252 For example, at least one of the resin structure 
form, the resin Structure size and the resin Structure arrange 
ment pitch is different between regions of the liquid crystal 
display element So that at least corresponding one of the 
resin Structure form, the resin Structure size and the resin 
Structure arrangement pitch in all the regions of the liquid 
crystal display element appears Same or Substantially same 
when viewed from a predetermined observation direction. 
0253 More specifically, for eliminating or reducing the 
difference in resin structure form between the respective 
regions when viewed from the predetermined observation 
direction, the forms of the resin Structures in the respective 
regions may be changed. 

0254 For eliminating or reducing the difference in resin 
Structure Size between the respective regions when viewed 
from the predetermined observation direction, the sizes of 
the resin Structures in the respective regions may be 
changed. 

0255 For eliminating or reducing the difference in resin 
Structure arrangement pitch between the respective regions 
when viewed from the predetermined observation direction, 
the arrangement pitches of the resin Structures in the respec 
tive regions may be changed. 

0256 The resin structure form, size and/or arrangement 
pitch may be changed in accordance with the angle of the 
normal of each region with respect to the predetermined 
observation direction. Thereby, at least one of the resin 
Structure form, Size and arrangement pitch in each region 
appears equal or Substantial equal to that in the other region 
when viewed from the predetermined observation direction. 
Accordingly, even if each of the resin Structures has a visible 
size, the non-flat liquid crystal display element can perform 
display with leSS interference due to the resin Structures 
because the resin Structures in the respective regions appear 
the same or Substantial Same form, size and/or arrangement 
pitch when viewed from the predetermined observation 
direction. Thus, it is possible to SuppreSS the influence by the 
resin Structures on the image or content displayed by the 
display element. In the case where the fourth or eighth type 
of the non-flat liquid crystal display element has the flat 
region, the observation direction may be normal to the flat 
region. 
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0257 The resin structure arrangement pitch in the direc 
tion along which the display element is curved may be 
different from that in the direction along which the display 
element is not curved. For example, the pitch of the resin 
Structures in the direction along which the display element 
is not curved may be constant, and the pitch of the resin 
Structures in the direction along which the display element 
is curved may be different in accordance with the angle of 
the normal of each region and the predetermined observation 
direction. 

0258 $3. 
0259. Two or more of the structures of the first to eighth 
types of the non-flat liquid crystal display elements 
described above may be employed in combination. 
0260 For example, the structure of the first type of the 
non-flat liquid crystal display element may be combined 
with the structure of the second, third or fourth type of the 
non-flat liquid crystal display element. The Structure of the 
fifth type of the non-flat liquid crystal display element may 
be combined with the structure of the sixth, seventh or 
eighth type of the non-flat liquid crystal display element. 

0261) The structure of the second type of the non-flat 
liquid crystal display element may be combined with the 
structure of the third or fourth type of the non-flat liquid 
crystal display element. The structure of the sixth type of the 
non-flat liquid crystal display element may be combined 
with the structure of the seventh or eighth type of the 
non-flat liquid crystal display element. 
0262 The structure of the third type of the non-flat liquid 
crystal display element may be combined with the Structure 
of the fourth type of the non-flat liquid crystal display 
element. The structure of the seventh type of the non-flat 
liquid crystal display element may be combined with the 
Structure of the eighth type of the non-flat liquid crystal 
display element. 
0263 $4. Method of Producing Non-Flat Liquid Crystal 
Display Element 
0264. In the following description, a method of produc 
ing a non-flat liquid crystal display element is presented. 

0265. The producing method includes a flat element 
forming Step and a deforming Step. In the flat element 
forming Step, a flat liquid crystal display element entirely 
having a flat form is formed using a pair of flat Substrates. 
In the flat element forming Step, the liquid crystal may be 
held between the flat Substrates, e.g., carrying the Spacers 
and/or resin Structures, and the flat Substrates may be closed 
at a periphery of the liquid crystal (that is, the periphery of 
the liquid crystal may be sealed between the substrates) by 
a Sealing wall to produce the flat liquid crystal display 
element. In the deforming Step, the flat liquid crystal display 
element prepared in the flat element forming Step is 
deformed (e.g., curved) into a predetermined non-flat form. 
0266 The producing method can be applied to produc 
tion of any one of the first to eighth types of the non-flat 
liquid crystal display elements. Thus, the method can pro 
duce any one of the first to eighth types of the non-flat liquid 
crystal display elements. 

0267 For producing the first or fifth type of the non-flat 
liquid crystal display element, the producing method further 
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includes a Spacer disposing Step of disposing Spacers on at 
least one of the flat Substrates Such that a Spacer density in 
a predetermined region of the flat Substrate is different from 
that in at least a portion of the other region, in other words, 
Such that a Spacer density in a predetermined region of the 
non-flat liquid crystal display element to be produced is 
different from that in at least a portion of the other region. 
The Spacer disposing Step may be performed before the 
deforming Step, and may be performed before or during the 
flat element forming Step. 

0268 For producing the second or sixth type of the 
non-flat liquid crystal display element, the producing 
method further includes a resin Structure disposing (form 
ing) Step of disposing (forming) resin Structures on at least 
one of the flat Substrates Such that a resin Structure adhesion 
Surface, per unit area of the Substrate, with respect to the 
Substrate in a predetermined region of the flat Substrate is 
different from that in at least a portion of the other region, 
in other words, Such that a resin Structure adhesion Surface, 
per unit area of the Substrate, with respect to the Substrate in 
a predetermined region of the non-flat liquid crystal display 
element to be produced is different from that in at least a 
portion of the other region. The resin Structure disposing 
Step may be performed before the deforming Step, and may 
be performed before or during the flat element forming Step. 

0269. For producing the third or seventh type of the 
non-flat liquid crystal display element, the producing 
method further includes an electrode forming Step of form 
ing at least one electrode on each of the flat Substrates Such 
that at least one of three parameters of a pixel form, a pixel 
Size and a pixel arrangement pitch in a predetermined region 
of the non-flat liquid crystal display element to be produced 
is different from that in at least a portion of the other region. 
The electrode forming step may be performed before the 
deforming Step, and may be performed before or during the 
flat element forming Step. 

0270. For producing the fourth or eighth type of the 
non-flat liquid crystal display element, the producing 
method further includes a resin Structure disposing (form 
ing) Step of disposing (forming) resin Structures on at least 
one of the flat Substrates Such that at least one of a resin 
Structure form, a resin Structure Size and a resin Structure 
arrangement pitch in a predetermined region of the flat 
substrate is different from that in at least a portion of the 
other region, in other words, Such that at least one of a resin 
Structure form, a resin Structure Size and a resin Structure 
arrangement pitch in a predetermined region of the non-flat 
liquid crystal display element to be produced is different 
from that in at least a portion of the other region. The resin 
Structure disposing Step may be performed before the 
deforming Step, and may be performed before or during the 
flat element forming Step. 

0271 In the flat element forming step, the flat liquid 
crystal display element having the inner Structure already 
described is produced. More Specifically, the flat liquid 
crystal display element to be formed in the flat element 
forming Step has the following inner Structure. The liquid 
crystal is disposed between the paired Substrates. At least 
one electrode is formed on each of the Substrates for display 
driving. If necessary, the orientation film, insulating film, 
gas barrier film or otherS may be formed on the Substrate. 
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The Sealing wall Surrounding the liquid crystal is formed 
between the Substrates. For the liquid crystal display ele 
ment employing the Spacers, the Spacers are disposed 
between the Substrates. For the liquid crystal display ele 
ment employing the resin Structures, the resin Structures are 
disposed between the Substrates. A conventional manner can 
be employed for producing the flat liquid crystal display 
element described above. 

0272. In the deforming step, the flat liquid crystal display 
element prepared in the flat element forming Step is 
deformed into an intended or predetermined non-flat form. 
By deforming the flat liquid crystal display element into the 
non-flat form, the non-flat liquid crystal display element is 
obtained. In the deforming Step, at least a portion of the flat 
liquid crystal display element may be curved. 
0273 For producing the first, second, fifth or sixth type of 
the non-flat liquid crystal display element, the flat liquid 
crystal display element may be deformed into the non-flat 
form to provide, e.g., a first curved region and a Second 
region, which neighbors the first curved region and has a 
Smaller curvature than the first curved region. 
0274 For producing the third, fourth, seventh or eighth 
type of the non-flat liquid crystal display element, the flat 
liquid crystal display element may be deformed into the 
non-flat form to provide, e.g., first and Second regions 
having different curvatures or normals in different direc 
tions. 

0275 For producing any one of the foregoing types of the 
non-flat liquid crystal display elements, a polymer Substrate 
may be employed as the Substrate. In this case, the Substrate 
of the polymer film may be bent to deform the flat liquid 
crystal display element into the non-flat form in the deform 
ing step. 
0276 The predetermined non-flat form of the non-flat 
liquid crystal display element thus obtained by deforming 
the flat liquid crystal display element may be kept, e.g., by 
joining one of the Substrates to a Support member having a 
Surface extending along the predetermined non-flat form of 
the non-flat liquid crystal display element with adhesive. 
0277 According to the producing method described 
above, the liquid crystal display element of the flat form is 
first formed, and then is deformed into a predetermined 
non-flat form. Therefore, the flat element forming Step can 
employ a conventional manner and a conventional produc 
ing apparatus. More Specifically, the non-flat liquid crystal 
display element can be produced without using a Substrate 
that has an initially non-flat form. This allows easy and 
efficient producing of the non-flat liquid crystal display 
element. 

0278. According to the producing method described 
above, the flat element forming Step can be performed 
Similarly even when producing the non-flat liquid crystal 
display elements of different non-flat forms. This allows 
efficient producing of the non-flat liquid crystal display 
elements of different non-flat forms. 

0279. In contrast to the producing method described 
above, the non-flat liquid crystal display elements of differ 
ent non-flat forms may be produced using Such Substrates 
that have non-flat forms in the initial State. In this case, the 
non-flat substrates having different non-flat forms must be 
prepared, and it is necessary to prepare jigs, producing 
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devices and others corresponding to Such different forms, or 
to prepare a jig, a device and others which can be commonly 
used to different forms. However, according to the produc 
ing method described above, the non-flat liquid crystal 
display elements of different forms can be produced without 
using Several or various kinds of jigs, producing devices and 
others corresponding to the different forms, and thus can be 
produced with a single kind of jig, device and others, 
provided that the sizes of the Substrates in the flat element 
forming Step are same. The producing method described 
above can reduce the number of the jig, producing device 
and others required for producing the non-flat liquid crystal 
display elements of different forms. 
0280 Although the flat liquid crystal display element is 
deformed into the non-flat form, the non-flat liquid crystal 
display element produced in the above method can have 
high uniformity in gap between the Substrates and/or can 
have high Strength by changing the Spacer density, the 
adhesion area of the resin Structure to the Substrate and/or 
others in accordance with the curvature and/or the others as 
already described. 
0281. Each of the first to eighth types of the non-flat 
liquid crystal display elements may be a product of the 
producing method described above. Thereby, the first to 
eighth types of the non-flat liquid crystal display elements 
can be produced easily and efficiently, and thus can be 
inexpensive. 
0282. In the flat element forming step, the spacers and the 
resin structures may be disposed between the Substrates in 
the following manner. The Sealing wall may be formed in the 
following manner. 
0283 The spacers can be disposed between the Sub 
Strates, e.g., by dispersing the Spacers on at least one of the 
Substrates before overlapping the Substrates with each other. 
The Spacers may be dispersed on the Substrate by a known 
manner Such as a wet dispersing manner or a dry dispersing 
manner. For changing the Spacer densities depending on the 
regions, different masks may be used for region requiring 
different densities, respectively, and the dispersion of the 
Spacers may be performed two or more times. The Spacer 
densities can also be changed depending on the regions in 
Such a manner that the dispersion is performed while keep 
ing only the Substrate region to be Small density in the 
curved or inclined State. For example, by inclining the 
dispersion direction of the Spaces with respect to the Sub 
Strate Surface, the Substrate Surface facing in the dispersion 
direction is increased So that the Spacer dispersion density 
can be Smaller than that in the case where the Spacer 
dispersion direction is perpendicular to the Substrate Surface. 
0284. The resin structures may be formed on at least one 
of the Substrates before overlaying the two substrates with 
each other. The resin Structure may be formed by a printing 
method, in which a paste material containing resin (e.g., 
resin dissolved in Solvent or mixture of monomer and 
polymerization initiator) is applied onto the Substrate by a 
Squeeze through a Screen or metal mask. The resin Structure 
may be formed in a dispenser method or an ink-jet method, 
in which the resin is applied onto the Substrate from a nozzle. 
The resin Structure may be formed in a transfer method, in 
which the resin is first applied onto a flat plate or a roller, and 
then is transferred onto the substrate. Preferably, the resin 
Structure thus formed on the Substrate initially has a height, 

Mar. 7, 2002 

which is larger than the intended thickness of the liquid 
crystal (gap between the Substrates), in View of the purpose 
of the resin Structures, that is, joining the Substrates together. 

0285) The sealing wall may be formed on the substrate 
before overlaying the Substrates with each other. The Sealing 
wall may be made of resin Such as UV-setting resin or 
thermosetting resin. The Sealing wall may be formed, e.g., in 
a dispenser method or an ink-jet method, in which the resin 
is applied onto the substrate from the nozzle. The seal wall 
may be formed in a printing method using a Screen, a metal 
mask or the like. The Sealing wall may be formed in a 
transfer method, in which the resin is first applied onto a flat 
plate or a roller, and then is transferred onto the Substrate. 
0286 The liquid crystal to be disposed between the 
Substrates may be Supplied onto at least one of the Substrates 
before and/or during the operation of overlaying the Sub 
strates with each other. The liquid crystal may be filled into 
a Space defined by the Substrates and the Sealing wall after 
overlaying the substrates with each other. The filling of the 
liquid crystal into this space may be performed by a vacuum 
filling method. In the case where the liquid crystal is filled 
into the Space defined by the Substrates and the Sealing wall 
after overlaying the Substrates with each other, the liquid 
crystal may be filled into the Space before or after deforming 
the flat liquid crystal display element into the non-flat form. 

0287) $5. 
0288 With reference to the drawings, embodiments of 
the non-flat liquid crystal display element as well as the 
method of producing the non-flat liquid crystal display 
element are described below. 

0289. The following embodiments will be described 
together with Specific material names and numeric values. 
However, these are described only for easy understanding, 
and the invention is not restricted to them. 

0290 An example of the non-flat liquid crystal display 
element is shown in a schematic perspective view of FIG. 
1. FIG. 2(A) is a schematic plan of the same non-flat liquid 
crystal display element. FIG. 2(B) is a schematic cross 
Section of the same non-flat liquid crystal display element 
taken along line 2B-2B in FIG. 1. 
0291. A non-flat liquid crystal display element LD1 in 
FIGS. 1, 20A) and 20B) is a liquid crystal display element of 
a light reflection type. 
0292. The liquid crystal display element LD1 entirely has 
a non-flat form. The non-flat liquid crystal display element 
LD1 has first and Second flat regions and a curved region, as 
shown in FIG. 2(B). 
0293. The curved region is located between the first and 
Second flat regions. A difference in level is present between 
the first and Second flat regions. These flat regions are 
Smoothly joined together by the curved region without an 
edge or the like. When viewed from an observation or 
Viewing direction, the curved region has a convexly curved 
region portion and a concavely curved region portion, both 
of which have an equal curvature in this embodiment. 

0294. A normal of the first flat region (i.e., a line per 
pendicular to the first flat region) extends in the same 
direction as a normal of the Second flat region. Thus, the first 



US 2002/0027636A1 

and Second flat regions are parallel to each other, and the 
difference in level is present between these flat regions. 
0295). In the non-flat liquid crystal display element LD1, 
a curvature is present in a direction X shown in FIG. 1, and 
a curvature is not present in a direction Yperpendicular to 
the direction X. In other words, a section of the non-flat 
liquid crystal display element LD1 (see FIG.2(B)) along the 
direction X has a non-linear form (including a curved line), 
and a Section thereof along the direction Y has a linear form. 
0296. The non-flat liquid crystal display element LD1 has 
two substrates S1 and S2 for holding the liquid crystal 
therebetween and other purposes. The Substrates S1 and S2 
are polymer film Substrates, and are flexible. The foregoing 
non-flat form of the liquid crystal display element LD1 is 
achieved by bending these substrates S1 and S2. 
0297. The foregoing non-flat form of the non-flat liquid 
crystal display element LD1 is maintained by a Support 
member 7 (see FIG. 1) adhered to a backside of the substrate 
S2 by adhesive. The support member 7 is not shown in the 
figures other than FIG. 1. The Support member 7 in this 
embodiment is made of acrylic resin, and is hardly flexible. 
An adhesive film is used as the adhesive for adhering the 
support member 7 to the substrate S2 in this embodiment. 
0298 The liquid crystal display element LD1 of the 
non-flat form described above can be used as, e.g., a display 
element of a mobile telephone. FIG. 15 shows an example 
of the mobile telephone employing the non-flat liquid crystal 
display element LD1. In the mobile telephone shown in 
FIG. 15, the non-flat liquid crystal display element LD1 
provides a display Screen in a Substantially whole region of 
a predetermined surface of the mobile telephone. For 
example, information Such as communication information 
and operation information may be displayed on the first flat 
region of the non-flat liquid crystal display element LD1, 
and a Software-keypad (image displayed by the display 
element LD1 to provide a keypad) 91 including a ten 
keypad, a communication keypad and others may be usually 
displayed on the Second flat region. When necessary, the 
display regions are entirely used for displaying communi 
cation information Such as an e-mail text and image. 
0299 The non-flat liquid crystal display element LD1 is 
shown more specifically in a cross section of FIG. 3. FIG. 
3 is a cross Section showing a portion (left end portion in 
FIG. 2(B)) of the non-flat liquid crystal display element 
LD1. 

0300. A liquid crystal LC is disposed between the Sub 
Strates S1 and S2. A Sealing wall 5 is arranged in a position 
Surrounding the liquid crystal LC between the Substrates for 
preventing leakage of the liquid crystal from the Space 
between the Substrates. 

0301 Each the substrates S1 and S2 in this embodiment 
is a polycarbonate film of 0.2 mm in thickness. 
0302 Electrodes E1 and E2 are formed on the substrates 
S1 and S2 for simple matrix drive, respectively. The elec 
trodes E1 and E2 in this embodiment are made of ITO. The 
electrodes E1 and E2 are not shown in the figures except for 
FIG 3. 

0303. The electrode E1 on the substrate S1 is composed 
of a plurality of parallel belt-like electrodes arranged at a 
predetermined pitch. Although not shown, the electrode E2 
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on the Substrate S2 is similar to the electrode E1, and is 
composed of a plurality of parallel belt-like electrodes 
arranged at a predetermined pitch. 

0304) The belt-like electrodes of the electrode E1 extend 
in the direction Y, and the belt-like electrodes of the elec 
trode E2 extend in the direction X perpendicular to the 
direction Y. Thus, these belt-like electrodes form a so-called 
matrix Structure. 

0305 Each of the belt-like electrodes of the electrode E1 
in this embodiment has a width, which is constant in both the 
flat and curved regions. Likewise, each of the belt-like 
electrodes of the electrode E2 in this embodiment has a 
width, which is constant in both the flat and curved regions. 

0306 In each of the electrodes E1 and E2 in this embodi 
ment, the belt-like electrodes are equally spaced from each 
other at a pitch of 300 um in this embodiment. 

0307 Orientation films AL1 and AL2 are formed on the 
electrodes E1 and E2, respectively. The orientation films 
AL1 and AL2 are not shown in the figures except for FIG. 
3. The orientation films AL1 and AL2 in this embodiment 
are made of an orientation film material AL8044(manufac 
tured by JSR Corp.) . The liquid crystal LC disposed 
between the Substrates is in contact with the orientation films 
AL1 and AL2. 

0308 The liquid crystal LC in this embodiment is a chiral 
nematic liquid crystal containing a nematic liquid crystal 
and a chiral agent added thereto. The chiral nematic liquid 
crystal exhibits a cholesteric phase at a room temperature, 
and Selectively reflects the light of a predetermined wave 
length. In this embodiment, the liquid crystal LC has the 
Selective reflection wavelength in the green region. 

0309 Contents displayed on the non-flat liquid crystal 
display element LD1 are viewed from the upper side of the 
substrate S1 in FIGS. 2(B) and 3. A black light absorber 
layer 6 is arranged, as shown in FIG. 3, on the backside of 
the Substrate S2, which is remote from the observation side. 
The light absorber layer 6 is not shown in the figures except 
for FIG. 3. The Support member 7 is adhered to this light 
absorber layer 6. 

0310. In the non-flat liquid crystal display element LD1, 
a plurality of Spacers 3 are disposed between the Substrates 
S1 and S2 for controlling the gap between the Substrates, and 
thus for controlling the thickness of the liquid crystal LC. 
The spacers 3 are not shown in FIG. 1. The spacers 3 are 
arranged in a region Surrounded by the Sealing wall 5. The 
spacers 3 in this embodiment are fixing-type spacers N3M14 
(manufactured by Ube Nitto Kasei Kogyo Corp.) each made 
of thermoplastic resin and having a particle diameter of 7 
plm. 

0311 A plurality of resin structures 4 are disposed 
between the Substrates S1 and S2, and are adhered to each 
of the Substrates S1 and S2. The resin structures 4 are not 
shown in the figures other than FIG. 3. The resin structure 
4 in this embodiment is made of polyester resin PES-360S30 
(manufactured by Three Bond Corp.). 
0312 Each of the resin structure 4 in this embodiment 
has a columnar form, and has top and bottom Surfaces 
adhered to the substrates S1 and S2, respectively. In this 
embodiment, each of the resin Structures 4 located in each of 
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the curved and flat regions has a diameter of about 40 um. 
The pitch of the resin Structures in each region is equal to 
800 um. 
0313. In the non-flat liquid crystal display element LD1, 
a spacer density (i.e., the number of the Spacer(s) per unit 
area of the Substrate) in each region of the display element 
in accordance with the curvature of the region and others in 
the following way, which will be described with reference to 
FIGS. 2(A) and 20B). 
0314. The spacer densities in the curved region, in the 
boundary region between the curved region and the first flat 
region, and in the boundary region between the curved 
region and the Second region is larger than the Spacer density 
in the flat region except for the boundary with any other 
region. 

0315) In other words, the spacer densities (a) in the 
boundary region R1 between the first flat region and the 
curved region (i.e., in the region composed of a region 
portion R4, near the curved region, of the first flat region and 
a region portion R5, near the first flat region, of the curved 
region), (b) in a region portion R6, remote from the first and 
Second flat regions, of the curved region, and (c) in the 
boundary region R2 between the Second flat region and the 
curved region (i.e., in the region composed of a region 
portion R7, near the Second flat region, of the curved region 
and a region portion R8, near the curved region, of the 
Second flat region) are larger than those (d) in a region 
portion R3, remote from the curved region, of the first flat 
region and (e) in a region portion R9, remote from the 
curved region, of the Second flat region. 
0316. In this embodiment, the spacer densities in the 
curved region and the boundary region are equal to about 
800 pcs/mm, and the spacer density in the each of the flat 
regions except for the boundary with any other region is 
equal to about 300 pcs/mm (see FIG. 2(A)). 
0317 By changing the spacer densities in accordance 
with the curvatures of the respective regions and others, the 
non-flat liquid crystal display element LD1 can achieve the 
following advantages. 

0318. As will be described later in greater detail, the 
non-flat liquid crystal display element LD1 is produced in 
Such a manner that a liquid crystal display element of a flat 
form is first produced, and then is deformed into the prede 
termined or intended non-flat form to provide the non-flat 
liquid crystal display element LD1. 

03.19. In the non-flat liquid crystal display element LD1, 
therefore, a force acting to return a curved Surface into a flat 
Surface is applied to the curved region as well as the 
boundary regions between the curved and flat regions. This 
force acts to lower the uniformity in gap between the 
Substrates throughout the liquid crystal display element 
LD1. 

0320 In the non-flat liquid crystal display element LD1, 
however, the Spacer densities are high in the curved region 
and in the boundary regions between the curved and flat 
regions as already described So that the uniformity in gap 
between the Substrates can be improved in these regions. 
The Spacer density is not increased in all the regions, and is 
increased only locally So that the uniformity in gap between 
the Substrates can be increased without wasting the Spacers. 
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Accordingly, the uniformity in gap between the Substrates 
can be improved throughout the non-flat liquid crystal 
display element, and the uniformity in liquid crystal thick 
neSS can be improved throughout non-flat liquid crystal 
display element LD1. Thereby, the non-flat liquid crystal 
display element LD1 can perform good display without 
irregularity in displayed color. 

0321 S6. 
0322 Description will now be given on the method of 
producing the non-flat liquid crystal display element LD1. 
0323 According to the producing method, a liquid crys 
tal display element, which is entirely flat, is first formed, and 
then is deformed into an intended non-flat form so that the 
non-flat liquid crystal display element LD1 is produced. The 
following producing method for producing the non-flat 
liquid crystal display element LD1 can also be applied to 
production of non-flat liquid crystal display elements LD2 
LD9, which will be described later. 

0324 Detailed description will now be given on a flat 
element forming Step of forming the entirely flat liquid 
crystal display element and a deforming Step of deforming 
the flat liquid crystal display element into a non-flat form. 

0325 (a) Flat Element Forming Step 
0326. The flat element forming step is performed to 
produce the flat liquid crystal display element, which has the 
Same internal Structure as the final non-flat liquid crystal 
display element except for the whole form. 
0327 First, the pair of substrates S1 and S2 are prepared. 
Each of the substrates S1 and S2 prepared in this step has a 
flat form. 

0328. The electrode E1 composed of the belt-like elec 
trodes and the orientation film AL1 are Successively formed 
on the substrate S1. For example, a conductive film (ITO 
film in this example) is uniformly formed on the substrate 
S1, and then is etched into a predetermined form, e.g., in a 
photolithography method So that the electrode E1 composed 
of the plurality of belt-like electrodes can be formed. The 
orientation film AL1 can be formed, e.g., in the Spin coat 
method. Since the substrate S1 is flat during the above step, 
conventional manners and devices can be used for forming 
the electrode E1 and the orientation film AL1. 

0329. On one of the surfaces of the Substrate S2, the 
electrode E2 and the orientation film AL2 are Successively 
formed in a similar manner. The black light absorber layer 
6 is formed on the other Surface of the Substrate S2. For 
example, the light absorber layer 6 may be formed by 
applying black paint over the Substrate S2. 
0330. Then, the sealing wall 5 is formed on one of the 
substrates S1 and S2. In this example, the liquid crystal will 
be filled into a Space between the Substrates in a vacuum 
filling method. For this, the sealing wall 5 with a liquid 
crystal inlet is formed. The sealing wall 5 may be made of 
resin Such as UV-setting resin or thermosetting resin. The 
Sealing wall 5 in this example is made of polyester resin. 

0331. Then, the resin structures 4 are formed on one of 
the Substrates S1 and S2. The resin structures 4 are formed 
on the Substrate in the predetermined form and size, and 
arrangement pitch. 
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0332 Then, the spacers are dispersed on one of the 
Substrates S1 and S2. 

0333 AS already described, the spacer density in the 
non-flat liquid crystal display element LD1 is different in the 
respective regions So that the Spacers are dispersed on the 
Substrate to achieve the predetermined density in each 
region. The dispersion of the Spacers is performed to achieve 
the spacer density of 800 pcs/mm in regions which will be, 
after performing the deforming Step, the curved region as 
well as the boundary regions between the curved region and 
the flat regions, and to achieve the spacer density of 300 
pcS/mm in the region other than those regions. For example, 
the Spacers may be dispersed on the Substrate through a 
mask, which is provided with an aperture at a portion 
corresponding to the region of the density of 800 pcs/mm. 
Thereby, the Spacers can be dispersed on the predetermined 
region at the density of 800 pcs/mm. The spacers may be 
dispersed in a similar manner on the region where the 
spacers are to be disposed at the density of 300 pcs/mm. 
0334. The sealing wall forming step, the spacer dispers 
ing Step and the resin Structure forming Step described above 
may be performed in any order. 

0335 Then, the Substrates S1 and S2 are joined together 
to have an entirely flat form. This joining is performed on a 
flat Surface of, e.g., a flat table, and is performed Such that 
the belt-like electrodes of the electrode E1 on the Substrate 
S1 are perpendicular to the belt-like electrodes of the 
electrode E2 on the Substrate S2. For example, a heating 
roller or the like is used to apply a heat and a pressure while 
overlaying the substrates S1 and S2 with each other. 
Thereby, the sealing wall 5 and the resin structures 4 are 
adhered to the Substrates S1 and S2 so that the Substrates are 
joined and fixed together. 

0336. Thereafter, the liquid crystal LC is filled into the 
Space Surrounded by the Sealing wall 5 and Substrates 
through the inlet provided at the Sealing wall 5 in a vacuum 
filling method. After the filling of the liquid crystal, the 
liquid crystal inlet provided at the Sealing wall 5 is closed 
with a Sealing material. In this example, the Sealing material 
closing the liquid crystal inlet is made of UV-setting resin 
Photolec A-704-60 (manufactured by Sekisui Finechemical 
Corp.). 
0337 Through these steps, the flat liquid crystal display 
element entirely having a flat form is completed. 

0338) (b) Deforming Step 
0339. The flat liquid crystal display element thus pre 
pared is deformed into the intended or predetermined non 
flat form shown in FIG. 1. 

0340. In this example, the flat liquid crystal display 
element is deformed into the intended non-flat form in the 
following manner, which will be described with reference to 
FIG. 4. 

0341 First, the support member 7 is fixed to a table 91 
having a Surface complementary in shape with the Support 
member 7. As described above, the Support member 7 has 
the Surface complementary in shape with the intended form 
of the non-flat liquid crystal display element LD1 shown in 
FIG. 1. Air Suction may be performed to fix the support 
member 7 onto the table 91. 
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0342. Then, an adhesive sheet 92 is fixed to the Support 
member 7. 

0343. Thereafter, the flat liquid crystal display element is 
laid on the adhesive sheet 7, and is pressed thereto by a roller 
93 moving from one end portion of the display element to 
the other end portion. Thereby, the display element is 
adhered to the Support member 7 via the adhesive sheet 92 
So that the liquid crystal display element is curved into the 
intended form extending along the Surface of the Support 
member 7. 

0344) Through the above steps, the non-flat liquid crystal 
display element LD 1 of the non-flat form shown in FIG. 1 
is produced. 

0345 According to the producing method described 
above, the flat element forming Step can be executed to 
produce the flat liquid crystal display element by using the 
known conventional manners and devices. 

0346 By the way, the liquid crystal display element LD1 
of the non-flat form shown in FIG. 1 could be produced 
using two Substrates that have the finally intended non-flat 
forms from beginning. In the method using Such Substrates, 
however, operations Such as formation of the electrodes, 
orientation films and others, dispersion of the Spacers, 
formation of the resin Structures and formation of the Sealing 
wall would be difficult because these operations must be 
effected on the non-flat Substrates. Because of the same 
reason, transportation and cleaning of the non-flat Substrates 
would be also difficult. For these operations, Some Steps 
would require devices other than those used for producing 
the flat liquid crystal display element. 
0347 Accordingly, the producing method, in which the 

flat liquid crystal display element is first produced, can 
efficiently produce the non-flat liquid crystal display ele 
ment. As a result, the non-flat liquid crystal display element 
produced by the producing method described above can be 
inexpensive. 

0348 If the non-flat liquid crystal display element LD1 is 
produced Such that the flat liquid crystal display element is 
firstly produced, and then is deformed into the non-flat form 
(curved form in this example), the curved region as well as 
the boundary regions between the curved and flat regions are 
liable to receive a force acting to return the form into a flat 
form. However, these regions in the liquid crystal display 
element LD1 has the higher spacer density than the other 
region, as already described. Therefore, the liquid crystal 
thickness can be uniform throughout the display element. 
0349 According to the method of producing the non-flat 
liquid crystal display element described above, even in the 
case where the non-flat liquid crystal display elements 
having different non-flat forms are to be produced, the Steps 
for forming the flat display elements can be performed in the 
Same way. Accordingly, the non-flat liquid crystal display 
elements having different forms can be produced efficiently. 

0350) $7. 
0351. Another example of the non-flat liquid crystal 
display element is shown in FIGS. 5(A) and 5(B), which are 
a Schematic croSS Section and a Schematic plan, respectively. 
0352. A non-flat liquid crystal display element LD2 
shown in FIG. 5 has the same form and the same inner 
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Structure as the non-flat liquid crystal display element LD1 
shown in FIG. 1 except for the followings. 

0353. In the non-flat liquid crystal display element LD2, 
the Spacer density in each of the flat and curved regions is 
constant, and is equal to 400 pcs/mm in this example. 
0354) In the non-flat liquid crystal display element LD2, 
as shown in FIG. 5(B), an adhesion area, per unit area of the 
Substrate, of the resin Structure(s) 4 with respect to the 
Substrate is determined Such that the adhesion area in the 
curved region as well as the adhesion area in the boundary 
regions between the curved and flat regions are larger than 
that in the other region. The resin Structures 4 are formed not 
only in the region inside the Sealing wall 5 but also in the 
region outside the Sealing wall 5. 

0355. In this example, the adhesion area of each resin 
Structure 4 with respect to the Substrate is constant in all the 
regions. The pitch of the resin Structures in the curved region 
as well as in the boundary regions between the curved and 
flat regions is Smaller than that in the other region, So that the 
number of the resin Structures in these curved and boundary 
regions is larger than that in the other region. Thereby, the 
resin Structure adhesion area, per unit area of the Substrate, 
of the resin Structures with respect to the Substrates in the 
above curved and boundary regions is larger than that in the 
other region. The resin Structure adhesion area, per unit area 
of the substrate, with respect to the substrate may be 
increased by increasing the adhesion area of each resin 
Structure with respect to the Substrate. 

0356. In the non-flat liquid crystal display element LD2, 
the resin Structure adhesion area, per unit area of the 
Substrate, with respect to the Substrates is large in the curved 
region as well as the boundary regions between the curved 
and flat regions So that the adhesion force of the total resin 
Structures with respect to the Substrates is high in these 
regions. Accordingly, it is possible to SuppreSS the disen 
gagement of the resin Structures 4 from the Substrates S1 and 
S2 even when these regions are Subjected to the force acting 
to return these regions into a flat form as well as a force 
acting to shift the positions of the substrates S1 and S2 from 
each other. Therefore, it is possible to SuppreSS disengage 
ment of the sealing wall 5 from the substrates S1 and S2 in 
these regions, and therefore leakage of the liquid crystal can 
be Suppressed. The resin Structures 4 also have a function of 
keeping the gap between the Substrates, Similarly to the 
Spacer 3, and therefore can Serve to Suppress the irregulari 
ties in gap. This also allows good display. 

0357. In the non-flat liquid crystal display element LD2, 
the Spacer density in the curved region as well as the 
boundary regions between the curved and flat regions may 
be larger than that in the other region, Similarly to the 
non-flat liquid crystal display element LD1. This can further 
increase the uniformity in gap between the Substrates. 

0358) $8. 
0359 Further another example of the non-flat liquid 
crystal display element is shown in FIGS. 6(A) and 6(B), 
which are a Schematic croSS Section and a Schematic plan, 
respectively. 

0360 A non-flat liquid crystal display element LD3 
shown in FIGS. 6(A) and 6(B) has the same form and 

Mar. 7, 2002 

internal Structure as the non-flat liquid crystal display ele 
ment LD2 shown in FIGS. 5(A) and 5(B) except for the 
followings. 

0361. In the non-flat liquid crystal display element LD3, 
the resin Structure adhesion area, per unit area of the 
Substrate, with respect to the Substrate is determined Such 
that the adhesion area in the curved region as well as the 
adhesion area in the boundary regions between the curved 
and flat regions, and further the adhesion area in a region 
near the Sealing wall 5 are larger than that in the other 
region. 

0362 By increasing the adhesion area of the resin struc 
tures 4 with respect to the Substrate per unit area of the 
Substrate in the region near the Sealing wall 5, it is possible 
to SuppreSS disengagement of the Sealing wall 5 from the 
Substrates S1 and S2 more efficiently. Since disengagement 
of the Sealing wall 5 from the Substrates can be Suppressed 
without requiring the large adhesion area of the Sealing wall 
5 with respect to the substrates, a frame size of the non-flat 
liquid crystal display element LD3 does not increase. This 
allows a compact structure of the non-flat liquid crystal 
display element LD3. 

0363 The resin structures may be arranged as shown in 
FIG. 7 so that the resin structure adhesion area, per unit area 
of the Substrate, with respect to the Substrate in the region 
near the Sealing wall 5 may be larger than that in the other 
region. FIG. 7 shows an arrangement of the resin Structures 
in the region near the Sealing wall 5. The region near the 
sealing wall 5 is provided with resin structures 41, which are 
also disposed in a region portion, remote from the Sealing 
wall 5, of the flat region except for the boundary with any 
other region. The region near the Sealing wall 5 is further 
provided with resin Structures 42 each located in a central 
position among the neighboring four resin Structures 41. 
Adhesion Surfaces of the resin structures 41 and 42 adhered 
to the Substrates are circular and have diameters of 80 um 
and 40 um, respectively. The pitch of the resin structures 41 
is equal to 800 um. The pitch of the resin structures 42 is also 
equal to 800 um. 

0364. In this example, the resin structure adhesion area, 
per unit area of the Substrate, with respect to the Substrates 
in the region near the Sealing wall portion located in the 
region portion, remote from the curved region, of the flat 
region is equal to that in the regions near the Sealing wall 
portions located in the curved region and the boundary 
region. However, the latter may be larger or Smaller than the 
former. These relationships are not particularly restricted. 

0365) $9. 
0366 Further another example of the non-flat liquid 
crystal display element is shown in FIG. 8, which is a 
Schematic croSS Section. 

0367 A non-flat liquid crystal display element LD4 in 
FIG. 8 has the same form and internal structure as the 
non-flat liquid crystal display element LD1 in FIG. 1 except 
for the followings. 

0368. In the non-flat liquid crystal display element LD4, 
the density of the Spacers 3 disposed between the Substrates 
is equal to about 400 pcs/mm in both the curved and flat 
regions. 
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0369. In the non-flat liquid crystal display element LD4, 
form, size and pitch of resin structures 43 are different in the 
respective regions in the following way, which will be 
described with reference to FIGS. 9(B) and 9(C). FIG. 9(B) 
is a Schematic croSS Section of a portion of the display 
element LD4 near the curved region. FIG. 9(C) shows the 
forms of the resin structures 43 and others when the liquid 
crystal display element LD4 is in the flat form. 
0370. In each of the regions, the adhesion surfaces of the 
resin Structures with respect to the Substrate have elliptical 
forms (including circular forms), respectively, and each has 
a diameter (axial width) of 100 um in the direction Y (along 
which the display element has no curvature) as well as a 
diameter of (100/sin 0)um in the direction X (along which 
the display element has curvature). In each of the regions, 
the arrangement pitch of the resin Structures is equal to 800 
um in the direction Y, and is equal to (800/sin 0) um in the 
direction X. 

0371 The angle 0 of a certain region (refer to third 
region) is defined, as shown in FIG. 8, between a predeter 
mined observation direction and a plane parallel to the 
Surface of the third region (a plane parallel to a tangential 
Surface of the third region if the third region Surface is 
curved). The observation direction in this example is equal 
to the direction of normal of the first flat region (and thus is 
equal to the direction of the normal of the Second flat 
region). The angle 0 depends on the angle defined between 
the direction of the normal of the Surface of the region and 
the predetermined observation direction. 
0372 Since the angle 0 is equal to 90 degrees in the flat 
region, the resin Structure in the flat region has the diameters 
of 100 um in both the directions X and Y. Thus, the resin 
Structure in the flat region is adhered to the Substrate through 
the circular adhesion Surface. Further, the resin Structures in 
the flat region are arranged at the pitches of 800 um in both 
the directions X and Y. 

0373 By changing the form, size and pitch of the resin 
Structures in accordance with the angle 0 of each region, if 
the resin Structures are projected onto the plane perpendicu 
lar to the predetermined observation direction, the resin 
Structures appear the same form, Size and pitch in all the 
regions. 
0374. Accordingly, as shown in FIG. 9(A), when viewed 
in the predetermined observation direction, which is per 
pendicular to the flat regions in this example, the form, size 
and pitch of the resin Structures 43 in all the regions can 
appear Same even if the resin Structure 43 has a Substantially 
Visible size. In the non-flat liquid crystal display element 
LD4, all the resin structures have the substantially visible 
size. When viewed in a direction somewhat shifted from the 
predetermined observation direction, which is perpendicular 
to the flat regions in this example, the resin Structures 43 in 
all the regions can appear Substantially same form, Size and 
pitch. Thereby, it is possible to Suppress the influence 
exerted by the resin Structures 43 on the displayed image by 
the non-flat liquid crystal display element LD4. If the 
appearance of the resin Structure form, Size and/or pitch is 
not same in the respective regions, the observer's viewing of 
the displayed image or content is interfered by the resin 
Structures. Thus, the same appearance of the resin Structures 
in all the regions allows natural display by the non-flat liquid 
crystal display element LD4 for the viewer or observer 
without interference. 
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0375 Similarly to the non-flat liquid crystal display ele 
ment LD1 already described, the non-flat liquid crystal 
display element LD4 is produced by preparing the flat liquid 
crystal display element and then curving it. In the non-flat 
liquid crystal display element LD4, the pitch of the resin 
Structures, located in the curved region in the direction X, is 
larger than that in the flat region. Therefore, as compared 
with the case where the resin Structures are arranged at a 
constant pitch in all the regions, a Smaller force acts to return 
the liquid crystal display element into a flat form when 
curving the flat liquid crystal display element. This allows 
easy production of the non-flat liquid crystal display element 
LD4. 

0376) S10. 
0377 FIG. 10 shows arrangement pattern of the resin 
Structures near the curved region of further another example 
of the non-flat liquid crystal display element. 

0378. A non-flat liquid crystal display element LD5 
shown in FIG. 10 has the same form and internal structure 
as the non-flat liquid crystal display element LD4 shown in 
FIG. 9 except for the followings. 

0379 The non-flat liquid crystal display element LD5 
shown in FIG. 10 is provided with the resin structures 43, 
which are the same as those arranged between the Substrates 
in the non-flat liquid crystal display element LD4, and is 
further provided with resin structures 44 at the curved region 
and at the boundary regions between the curved and flat 
regions. 

0380 The resin structures 44 are arranged in the follow 
ing positions. Each resin Structure 44 is located at a center 
among the neighboring four resin Structures 43. Contact 
Surface of each resin structure 44 with the Substrate is a 
circular surface of 30 um in diameter. The resin structures 43 
in the non-flat liquid crystal display element LD5 have 
different form, Size and pitch in the respective regions in 
accordance with the angle 0 of each region, Similarly to the 
resin Structures in the non-flat liquid crystal display element 
LD4. 

0381. By additionally arranging the resin structures 44 
between the Substrates, the resin Structure adhesion area, per 
unit area of the Substrate, with respect to the Substrate in the 
curved region as well as the boundary regions between the 
curved and flat regions can be larger than that in the flat 
region except for the boundary with the other region. Com 
pared with the non-flat liquid crystal display element LD4, 
the non-flat liquid crystal display element LD5 can provide 
the larger adhesion area, per unit area of the Substrate, of the 
resin Structures with respect to the Substrate in the curved 
region as well as the boundary regions between the curved 
and flat regions. Accordingly, the non-flat liquid crystal 
display element LD5 can more efficiently SuppreSS disen 
gagement of the resin Structures 43 and 44 from the Sub 
Strates in the curved region as well as the boundary regions 
between the curved and flat regions. This can further Sup 
preSS breakage of the Sealing wall 5. 

0382. The resin structure 44 additionally arranged in the 
non-flat liquid crystal display element LD5 is smaller than 
the visible size. Therefore, the resin structures 44 does not 
lower the visibility of the displayed image by the non-flat 
liquid crystal display element LD5 even if the form, size and 
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pitch of the resin Structures 44 are not intentionally changed 
in accordance with the angle 0. 
0383. In Summary, the form, size and pitch of the resin 
Structures having the visible Size may be changed in accor 
dance with the angle 0, Similarly to the non-flat liquid crystal 
display element LD4, and thereby the lowering of the 
Visibility can be Suppressed. 

0384 S11. 
0385 FIGS. 11(A) and 11(B) show the forms and others 
of the electrodes formed on the two Substrates in further 
another example of the non-flat liquid crystal display ele 
ment. 

0386 A non-flat liquid crystal display element LD6 
shown in FIGS. 11(A) and 11(B) has the same form and 
internal Structure as the non-flat liquid crystal display ele 
ment LD1 shown in FIG. 1 except for the followings. 
0387. In the non-flat liquid crystal display element LD6, 
the spacers 3 are disposed at a constant density of 400 
pcS/mm in all the regions. In all the regions, the resin 
Structure 4 has a columnar form of 100 um in diameter, and 
the pitch of these resin structures 4 is equal to 800 um. 
0388. In the non-flat liquid crystal display element LD6, 
the width and pitch of the belt-like electrodes forming the 
electrodes E1 and E2 are different depending on the regions 
as described below. 

0389. In the non-flat liquid crystal display element LD6, 
as shown in FIG. 11(B), each of the belt-like electrodes of 
the electrode E2, which is formed on the Substrate S2 and 
extends in the direction X, has a width of 200 um and has 
a center Spaced by 220 um from the center of the neighbor 
ing electrode (i.e., the pitch is 220 um), which are the same 
as those in the non-flat liquid crystal display element LD1. 
0390. As shown in FIG. 11(A), each of the belt-like 
electrodes of the electrode E1, which is formed on the 
Substrate S1 and extends in the direction Y, has a width of 
(200/sin 0) um, and these belt-like electrodes are arranged at 
a pitch of (220/sin 0) um. 
0391 The angle 0 is defined similarly to the angle 0 (see 
FIG. 8) in the non-flat liquid crystal display element LD4 
already described, and thus is defined between the plane 
parallel to the region carrying the belt-like electrode and the 
predetermined observation direction. The observation direc 
tion in this example is perpendicular to the first flat region, 
and thus is perpendicular to the Second flat region. 
0392 By changing the width and pitch of the belt-like 
electrodes of the electrode E1 in accordance with the angle 
0 so that the respective belt-like electrodes of the electrode 
E1 can be projected onto the plane perpendicular to the 
observation direction (onto the plane parallel to the flat 
region) to appear the same form, size and pitch. 
0393 Accordingly, when viewed from the predetermined 
observation direction, which is perpendicular to the flat 
region in this example, the pixels in all the regions appear 
Substantially same form, Size and pitch. Thus, when the 
image displayed by the non-flat liquid crystal display ele 
ment LD6 is viewed from the predetermined observation 
direction (which is perpendicular to the flat region in this 
example), distortion hardly occurs in the displayed image in 
spite of the fact that the display element LD6 has the curved 
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region. When the image displayed by the non-flat liquid 
crystal display element LD6 is viewed in a direction Some 
what shifted from the predetermined observation direction 
(which is perpendicular to the flat region in this example), 
distortion in the displayed image can be Smaller than that by 
the non-flat liquid crystal display element LD1. 

0394. In the non-flat liquid crystal display element LD6 
shown in FIGS. 11(A) and 11(B), the form, size and pitch of 
the pixels in the respective regions are changed in accor 
dance with the angle 0 of each region So that the pixel form, 
Size and pitch in all the regions can be appeared same when 
viewed from the predetermined observation direction 
(which is perpendicular to the flat region in this example). 
More specifically, the width and pitch of the belt-like 
electrodes of the electrode E1 are changed in accordance 
with the angle 0 for changing the form, Size and pitch of the 
pixels in the respective regions in accordance with the angle 
0 of each region. 

0395. The above manner for suppressing the distortion in 
the displayed image can be applied not only to the non-flat 
liquid crystal display element of the Simple matrix drive type 
but also to the non-flat liquid crystal display element of the 
active matrix drive type. 

0396. In each of the embodiments described above, 
respective portions of the curved region located between the 
first and Second flat regions are handled equally. In Stead of 
this, a concavely curved region portion and a convexly 
curved region portion of the curved region may have dif 
ferent spacer densities, different resin structure adhesion 
areas, sizes, forms and/or arrangement pitches, and/or dif 
ferent pixel forms, sizes and/or arrangement pitches So that 
these parameters may be optimum in the concavely curved 
region portion and the convexly curved region portion. 

0397) S12. 
0398. The various structures, manners and others 
described above can be applied not only to the non-flat liquid 
crystal display element having the entire form shown in 
FIG. 1 but also to the non-flat liquid crystal display elements 
of various forms to achieve Similar effects. 

0399. The various structures, manners and others 
described above may be applied to a non-flat liquid crystal 
display element LD7 having a whole form shown in FIG. 
12. The non-flat liquid crystal display element LD7 has first, 
Second and third curved regions neighboring in this order. 
The first and third curved regions have curvatures different 
from that of the Second curved region. The Second curved 
region has the larger curvature. 

0400. The various structures, manners and others 
described above may be applied to a non-flat liquid crystal 
display element LD8 having a whole form shown in FIG. 
13. The non-flat liquid crystal display element LD8 has first, 
Second and third flat regions as well as first and Second 
curved regions. The normals of the first, Second and third 
regions extend in different directions, respectively. The first 
curved region is located between the first and Second flat 
regions for Smoothly connecting these flat regions having 
the normals of different directions. Likewise, the Second 
curved region is located between the Second and third flat 
regions for Smoothly connecting these flat regions having 
the normals of different directions. 
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04.01 The various structures, manners and others 
described above may be applied to a non-flat liquid crystal 
display element LD9 having a whole form shown in FIG. 
14. The non-flat liquid crystal display element LD9 entirely 
has a curved form of a single curvature. 
0402 Similarly to the examples already described, the 
non-flat liquid crystal display elements LD7 and LD8 may 
be configured, e.g., Such that the Spacer density in the region 
of a large curvature is larger than that in the region of a Small 
curvature. Thereby, it is possible to increase the uniformity 
in gap between the Substrates in the whole non-flat liquid 
crystal display element. The Spacer density may be increased 
in the boundary region between the neighboring two regions 
having different (i.e., large and Small) curvatures. This 
further increases the uniformity in gap between the Sub 
Strates in the whole non-flat liquid crystal display element. 
0403. In the non-flat liquid crystal display elements LD7 
and LD8, the resin Structure adhesion area, per unit area of 
the Substrate, with respect to the Substrate in the region of a 
large curvature may be larger than that in the region of a 
Small curvature, whereby it is possible to SuppreSS the 
disengagement of the resin Structures 4 from the Substrates 
S1 and S2, and the uniformity in gap between the substrates 
can be increased throughout the non-flat liquid crystal 
display element. In the boundary region between the two 
neighboring regions of the different curvatures, the resin 
Structure adhesion area, per unit area of the Substrate, with 
respect to the Substrate may be large, whereby disengage 
ment of the resin structures 4 from the Substrates can be 
further Suppressed. The resin structure adhesion area, per 
unit area of the Substrate, of the resin structures 4 with 
respect to the SubStrates may be large in the region near the 
Sealing wall 5, whereby the disengagement of the Sealing 
wall 5 from the substrates can be further suppressed. 
04.04. In the non-flat liquid crystal display element LD9, 
the density of Spacers 3 may be large in the top portion of 
the curved region and/or in the region near the Sealing wall 
5, whereby it is possible to further increase the uniformity in 
gap between the Substrates throughout the non-flat liquid 
crystal display element. The resin Structure adhesion area, 
per unit area of the Substrate, with respect to the Substrates 
may be large in the region near the Sealing wall 5 and/or in 
the top portion of the curved region, whereby the disen 
gagement of the Sealing wall from the Substrates can be 
further Suppressed. 
0405. In any one of the non-flat liquid crystal display 
elements, at least one of the form of the adhesion Surface of 
the resin Structure 4 with respect to the Substrate, the size of 
the above adhesion Surface and the arrangement pitch of the 
resin Structures 4 may be changed in accordance with the 
angle between the predetermined observation direction and 
the normal direction of each region So that no difference or 
only a Small difference occurs in these factor(s) between the 
respective regions when the resin Structures are viewed from 
the predetermined observation direction. Thereby, it is poS 
Sible to Suppress the influence exerted on the observation by 
the resin Structures 4 when Viewing the displayed contents of 
the non-flat liquid crystal display element from the prede 
termined observation direction. 

0406. In any one of the non-flat liquid crystal display 
elements, at least one of the pixel form, size and arrange 
ment pitch may be changed in accordance with the angle 
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between the predetermined observation direction and the 
normal direction of each region So that no difference or only 
a Small difference occurs between the respective regions 
when the pixels are viewed from the predetermined obser 
Vation direction. Thereby, it is possible to SuppreSS the 
display distortion when Viewing the displayed contents of 
the non-flat liquid crystal display element from the prede 
termined observation direction. 

0407. Two or more of the structures, manners and others 
employed in the non-flat liquid crystal display elements 
LD1-LD9 described above may be employed in combina 
tion. 

0408. Although the present invention has been described 
and illustrated in detail, it is clearly understood that the same 
is by way of illustration and example only and is not to be 
taken by way of limitation, the Spirit and Scope of the present 
invention being limited only by the terms of the appended 
claims. 

What is claimed is: 
1. A liquid crystal display element comprising: 

a pair of Substrates, 
a liquid crystal disposed between the Substrates, 
a plurality of Spacers disposed between the Substrates, and 
a Sealing wall disposed between the Substrates and Sur 

rounding the liquid crystal, wherein 

the Substrates are spaced from each other by a constant 
distance kept by the Spacers, and are opposed to each 
other Such that a major Surface of the liquid crystal 
display element has a non-flat form, and 

a Spacer density in a predetermined region of the liquid 
crystal display element is different from that in at least 
a portion of the other region. 

2. A liquid crystal display element according to claim 1, 
wherein 

the liquid crystal display element has a plurality of 
regions having different curvatures, and 

the Spacer density in the region of a large curvature is 
larger than that in the region of a Small curvature. 

3. A liquid crystal display element according to claim 1, 
wherein 

the liquid crystal display element has a first curved region 
and a Second region neighboring the first curved region 
and having a Smaller curvature than the first curved 
region, and 

the Spacer density in the first curved region except for a 
boundary with any other region is larger than that in the 
Second region except for a boundary with any other 
region. 

4. A liquid crystal display element according to claim 3, 
wherein 

the Spacer density in a boundary region between the first 
curved region and the Second region is larger than that 
in the Second region except for the boundary with any 
other region. 

5. A liquid crystal display element according to claim 3, 
wherein 
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the Second region is a Second curved region or a flat 
region. 

6. A liquid crystal display element according to claim 1, 
wherein 

each of the Substrates is a polymer film Substrate. 
7. A liquid crystal display element comprising: 

a pair of Substrates, 
a liquid crystal disposed between the Substrates, 
a plurality of resin Structures disposed between the Sub 

Strates and adhered to the Substrates, and 

a Sealing wall disposed between the Substrates and Sur 
rounding the liquid crystal, wherein 

the Substrates are opposed to each other Such that a major 
Surface of the liquid crystal display element has a 
non-flat form, and 

a resin Structure adhesion area, per unit area of the 
Substrate, with respect to the Substrate in a predeter 
mined region of the liquid crystal display element is 
different from that in at least a portion of the other 
region. 

8. A liquid crystal display element according to claim 7, 
wherein 

the liquid crystal display element has a plurality of 
regions having different curvatures, and 

the resin Structure adhesion area, per unit area of the 
Substrate, with respect to the Substrate in the region of 
a large curvature is larger than that in the region of a 
Small curvature. 

9. A liquid crystal display element according to claim 7, 
wherein 

at least one of a form of the resin Structure, a size of the 
resin Structure and an arrangement pitch of the resin 
Structures is different between regions of the liquid 
crystal display element, the regions having different 
resin Structure adhesion areas, per unit area of the 
Substrate, with respect to the Substrate. 

10. A liquid crystal display element according to claim 7, 
wherein 

the liquid crystal display element has a first curved region 
and a Second region neighboring the first curved region 
and having a Smaller curvature than the first curved 
region, and 

the resin Structure adhesion area, per unit area of the 
Substrate, with respect to the substrate in the first 
curved region except for a boundary with any other 
region is larger than that in the Second region except for 
a boundary with any other region. 

11. Aliquid crystal display element according to claim 10, 
wherein 

the resin Structure adhesion area, per unit area of the 
Substrate, with respect to the Substrate in a boundary 
region between the first curved region and the Second 
region is different from that in the Second region except 
for the boundary with any other region. 

12. Aliquid crystal display element according to claim 10, 
wherein 
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the Second region is a Second curved region or a flat 
region. 

13. A liquid crystal display element according to claim 7, 
wherein 

each of the Substrates is a polymer film Substrate. 
14. A liquid crystal display element comprising: 
a pair of Substrates, 
a liquid crystal disposed between the Substrates, and 
a Sealing wall disposed between the Substrates and Sur 

rounding the liquid crystal, wherein 
the Substrates are opposed to each other Such that a major 

Surface of the liquid crystal display element has a 
non-flat form, and 

at least one of a pixel form, a pixel Size and a pixel 
arrangement pitch in a predetermined region of the 
liquid crystal display element is different from that in at 
least a portion of the other region. 

15. Aliquid crystal display element according to claim 14, 
wherein 

at least one of the pixel form, the pixel Size and the pixel 
arrangement pitch is different between regions of the 
liquid crystal display element So that at least corre 
sponding one of the pixel form, the pixel Size and the 
pixel arrangement pitch in all the regions of the liquid 
crystal display element appears Same or Substantially 
Same when viewed from a predetermined observation 
direction. 

16. Aliquid crystal display element according to claim 14, 
wherein 

the liquid crystal display element has a first region and a 
Second region, and 

the first and Second regions are first and Second flat 
regions, respectively, having normals in different direc 
tions. 

17. Aliquid crystal display element according to claim 14, 
wherein 

the liquid crystal display element has a first region and a 
Second region, and 

the first and Second regions are first and Second curved 
regions, respectively, having different curvatures. 

18. Aliquid crystal display element according to claim 14, 
wherein 

the liquid crystal display element has a first region and a 
Second region, and 

the first region is a curved region, and the Second region 
is a flat region. 

19. Aliquid crystal display element according to claim 14, 
wherein 

the liquid crystal display element entirely has a curved 
form of a Single curvature. 

20. Aliquid crystal display element according to claim 14, 
wherein 

each of the Substrates is a polymer film Substrate. 
21. A liquid crystal display element comprising: 

a pair of Substrates, 
a liquid crystal disposed between the Substrates, 
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a plurality of resin Structures disposed between the Sub 
Strates, and 

a Sealing wall disposed between the Substrates and Sur 
rounding the liquid crystal, wherein 

the Substrates are opposed to each other Such that a major 
Surface of the liquid crystal display element has a 
non-flat form, and 

at least one of a form of the resin Structure, a size of the 
resin Structure and an arrangement pitch of the resin 
Structures in a predetermined region of the liquid 
crystal display element is different from that in at least 
a portion of the other region. 

22. Aliquid crystal display element according to claim 21, 
wherein 

at least one of the form of the resin Structure, the size of 
the resin Structure and the arrangement pitch of the 
resin Structures is different between regions of the 
liquid crystal display element So that at least corre 
sponding one of the form of the resin Structure, the size 
of the resin Structure and the arrangement pitch of the 
resin Structures in all the regions of the liquid crystal 
display element appears Same or Substantially same 
when viewed from a predetermined observation direc 
tion. 

23. Aliquid crystal display element according to claim 21, 
wherein 

the liquid crystal display element has a first region and a 
Second region, and 

the first and Second regions are first and Second flat 
regions, respectively, having normals in different direc 
tions. 

24. Aliquid crystal display element according to claim 21, 
wherein 

the liquid crystal display element has a first region and a 
Second region, and 

the first and Second regions are first and Second curved 
regions, respectively, having different curvatures. 

25. Aliquid crystal display element according to claim 21, 
wherein 

the liquid crystal display element has a first region and a 
Second region, and 

the first region is a curved region, and the Second region 
is a flat region. 

26. Aliquid crystal display element according to claim 21, 
wherein 

the liquid crystal display element entirely has a curved 
form of a Single curvature. 

27. Aliquid crystal display element according to claim 21, 
wherein 

each of the Substrates is a polymer film Substrate. 
28. A method of producing a liquid crystal display ele 

ment comprising the Steps of: 

disposing Spacers on at least one of paired flat Substrates 
Such that a Spacer density in a predetermined region of 
the flat Substrate is different from that in at least a 
portion of the other region; 
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holding a liquid crystal between the paired flat Substrates 
carrying the Spacers, and closing the Substrates at a 
periphery of the liquid crystal by a Sealing wall to 
produce a flat liquid crystal display element having an 
entirely flat form; and 

deforming the flat liquid crystal display element into a 
predetermined non-flat form. 

29. A producing method according to claim 28, wherein 
at least a portion of the flat liquid crystal display element 

is curved in the deforming Step. 
30. A producing method according to claim 28, wherein 
each of the Substrates is a polymer film Substrate. 
31. A method of producing a liquid crystal display ele 

ment comprising the Steps of: 
disposing resin Structures on at least one of paired flat 

Substrates Such that a resin Structure adhesion area, per 
unit area of the Substrate, with respect to the Substrate 
in a predetermined region of the flat Substrate is dif 
ferent from that in at least a portion of the other region; 

holding a liquid crystal between the paired flat Substrates 
carrying the resin Structures, and closing the Substrates 
at a periphery of the liquid crystal by a Sealing wall to 
produce a flat liquid crystal display element having an 
entirely flat form; and 

deforming the flat liquid crystal display element into a 
predetermined non-flat form. 

32. A producing method according to claim 31, wherein 
at least a portion of the flat liquid crystal display element 

is curved in the deforming Step. 
33. A producing method according to claim 31, wherein 
each of the Substrates is a polymer film Substrate. 
34. A method of producing a liquid crystal display ele 

ment comprising the Steps of: 

forming at least one electrode on each of paired flat 
Substrates Such that at least one of a pixel form, a pixel 
Size and a pixel arrangement pitch in a predetermined 
region is different from that in at least a portion of the 
other region; 

holding a liquid crystal between the paired flat Substrates 
carrying the electrodes, and closing the Substrates at a 
periphery of the liquid crystal by a Sealing wall to 
produce a flat liquid crystal display element having an 
entirely flat form; and 

deforming the flat liquid crystal display element into a 
predetermined non-flat form. 

35. A producing method according to claim 34, wherein 
at least a portion of the flat liquid crystal display element 

is curved in the deforming Step. 
36. A producing method according to claim 34, wherein 
each of the Substrates is a polymer film Substrate. 
37. A method of producing a liquid crystal display ele 

ment comprising the Steps of: 

forming resin Structures on at least one of paired flat 
Substrates Such that at least one of a form of the resin 
Structure, a Size of the resin Structure and an arrange 
ment pitch of the resin Structures in a predetermined 
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region of the flat substrate is different from that in at 
least a portion of the other region; 

holding a liquid crystal between the paired flat Substrates 
carrying the resin Structures, and closing the Substrates 
at a periphery of the liquid crystal by a Sealing wall to 
produce a flat liquid crystal display element having an 
entirely flat form; and 

deforming the flat liquid crystal display element into a 
predetermined non-flat form. 
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38. A producing method according to claim 37, wherein 
at least a portion of the flat liquid crystal display element 

is curved in the deforming Step. 
39. A producing method according to claim 37, wherein 

each of the Substrates is a polymer film Substrate. 


